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The attached report "Some Effects of Fabrication Practices on 
the Strength Characteristics of Reinforced Concrete Culvert Pipe" by 
R. C. Deen, Research Engineer Principal, and J, H. Havens, Assdstant 
Director of Research, covers our investigation into the jointing 
practices of cage reinforcement for culvert pipe. 
You will recall that during our performance studies of reinforced 
concrete pipe culverts in 1960 there were some indications that rein­
forcing cages had separated at joints, In one instance a steel cage 
that had been lapped showed separation, Upon checking the pipe speci­
fications that were in effect at that time, we found that lapped joints 
were well defined but there was no specification requirement for the 
weld that was permitted in lieu of the 40-diameter lap joint. we made 
inquiry to the Chairman of ASTM Committee C 13 on concrete pipe that 
is responsible for specification C 76 (Reinforced Concrete Culvert, 
Storm Drain, and Sewer Pipe) concerning the specification for the weld. 
We were advised that the weld was not defined and asked to supply any 
information that we had or could provide on the subject. 
We discussed welding practices being used in plants supplying 
reinforced concrete pipe in Kentucky and obtained sample splices for 
laboratory study. It wa� decided that a research project involving 
full scale pipe sections manufactured with a variety of jointing details 
would be the most desirable method for evaluating the joints in the 
reinforcing cages, 
Mr, W. P, Curlin, ·General Manager of the Kentucky Concrete Pipe 
Com�ny, offered to fabricate the necessary pipe sections and to make 
available the testing facilities at the Louisville plant of the company 
at no cost to the Department of Highways. Mr. Robert Hockensmith, 
Manager of the Louisville plant, and Mr. Curlin were ind�ed helpful and 
INTRODUCTION 
Underground conduits have been used for hundreds of years for 
drainage and water supply purposeso With the advent of railway and auto= 
mobile transportation, the use of underground conduits for drainage purposes 
beneath the roadways increased greatly, It soon became apparent �at there 
was a definite need for knowledge concerning the manufacture, installation, 
and field behavior of pipe culvertso Accordingly, in the first half of 
the century, much attention and research has been directed toward the 
development and establishment of acceptable techniques and specifications 
fot the manufacture and installation of pipe culvertso This work has been 
accomplished by many individuals and organizations, 
Factors governing the maximum height of fill, and thus the 
maximum load that may be safely placed over reinforced concrete pipe 
culverts, are: 1) pipe strength, 2) character of fill material over the 
pipe, 3) character of the foundation material beneath the pipe, 4) relative 
settlement of the material over the pipe to that of the material on either 
side of the pipe, and 5) the method of bedding and installation, In an 
attempt to provide a method by which one can easily identify a satisfactory 
pipe with regard to quality and strength, the rather simple and convenient 
three=edge bearing test has been proposed as ASTM Designation C 76=59T 
(AASHO Ml70=57)(See Appendix D), This test method is currently being used 
in Kentucky as well as in many other areas to evaluate the strength of 
a reinforced concrete pipe, It has been suggested that this method is 
applicable to concrete pipe up through the 72-inch inside diameter size, 
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A criterion for the installation design of concrete pipe culverts has 
been developed by the Bureau of Public Roads in cooperation with the 
American Concrete Pipe Association, This criterion was distributed to 
the various highway agencies on April 4, 1957, as Circular Memorandum 
22.�40, Bureau of Public Roads (See Appendix A) , This memorandum is the 
basis for specifications adopted in thirteen states, including Kentucky, 
To provide for an efficient utilization of rigid pipe, the Kentucky 
Department of Highways issued Amendments 15, !SA and 16 to the 1956 edition 
of Standard Specifications for Road and Bridge Construction (See Appendix 
B) as well as Standard Drawings 11.22 and 11,23 (See Appendix C) specify� 
ing bedding details, methods of installation and pipe strength required 
for various heights of fill, 
Early experience gained from work on the interstate highway 
system disclosed a need for additional detailed study and understanding 
of the theory of design, pipe fabrication practices, and construction or 
installation practices, Investigations of certain aspects of the theory 
and installation practices have been reported by the Research Division of 
the Kentucky Department of Highways*, On November 12, 1959, the Bureau 
* Taylor, R, R,, "Performance of a Reinforced Concrete Pipe Culvert with 
Standard and B1 High Fill Bedding Under Rock Embankment," HMRL, Aug. 196L 
Deen, R, C. and Hughes, R. D., "Performance Survey of Reinforced Concrete 
Pipe Culverts," HMRL, March, 196L 
Hughes, R, D,, "Second Annual Performance Survey of Reinforced Concrete 
Pipe Culverts," HMRL, February, 1962, 
Hughes, R, D,, "Third Annual Performance Survey of Reinforced Concrete 
Pipe Culverts," HMRL, January, 1963, 
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requested the states to furnish annual performance data for the purpose 
of evaluating the installation criteriono According to the Bureau's 
Circular Memorandum 32�30, dated October 18, 1962, 34 states are parti� 
cipating in the study and are making annual reportso The present study 
concerns the fabrication practices and their possible relationship to 
pipe strength, failure of pipe under embankment loads, and the feasibility 
of repairing or restoring the structural integrity of in�place pipe that 
have been damaged during or soon after constructiono 
THEORETICAL CONSIDERATIONS 
The strength of reinforced concrete pipe is commonly stated 
in terms of D�load strength, By definition, D-load is the load in 
pounds per linear foot per foot of internal diameter, An advantage of 
the D·load designation is that all sizes of pipe of a given D·load, 
installed under similar conditions of bedding and backfilling, will 
support the same height of fill, Reinforced concrete pipe are tested 
by the three-edge bearing test and are classified according to the 
D�load that will produce a 0, 01-inch crack or the D-load that will 
produce ultimate failure, The 0, 01-inch crack D-load is the load in 
pounds per linear foot per foot of internal diameter which the pipe will 
withstand under the three-edge bearing test without showing cracks in 
excess of a width of 0,01 inch, The ultimate D-load is the load in 
pounds per linear foot per foot of internal diameter which the pipe will 
withstand under the three-edge bearing test before ultimate failure, 
Minimum permissible D-loads for the five strength'classes of reinforced 
concrete pipe are listed in Table 1, 
Table l, 
Pipe 
Class 
I 
II 
III 
IV 
v 
Minimum Permissible D-Loads, 
b-foad (lbs,/sq, ft,) 
0,01 1n, 
Crack Ultimate 
800 
1000 
1350 
2000 
3000 
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1200 
1500 
2000 
3000 
3750 
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The three-edge bearing test is a severe test inasmuch as the 
load applied to the conduit is in the form of point loading and inasmuch 
as there is no side support applied to the conduit as there would be in 
the case of a field installation where lateral pressure would exist at 
the sides of the conduit, Under field conditions of loading, the vertical 
loads applied to the conduit will be distributed over a portion of the 
conduit rather than concentrated and side pressures will be exerted on 
the conduit; thus, under field conditions the conduit may sustain loads 
which are greater than those indicated by the three-edge bearing test, 
This fact is accounted for in design by use of a load factor which is 
the ratio of the strength of a pipe under any stated condition of loading 
to its strength when tested by the three-edge bearing method, The value 
of the load factor is greatly dependent upon the method in which the con­
duit is bedded as well as the nature and density of the backfill material, 
It is imperative, therefore, that the installation of the 
pipe culvert be in full accordance with the design theory and with the 
plans, If damage occurs to the pipe, and if full faith is credited to 
the design procedure, the fault must arise from either poorly fabricated 
pipe, or improper installation techniques, or negligence in adhering 
strictly to plans, 
In the event that a pipe is damaged, whether the cause is 
apparent or not, the question inevitably arises as to what resources are 
available as an alternative to complete removal and replacement -- i,e,, 
can the pipe be effectively and satisfactorily repaired in place? With 
regard to this, Paragraph 30 of ASTM C76-59T (AASHO M 170-60) is cited 
in full: 
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"Pipe may be repaired, if necessary, because 
of occasional imperfections in manufacture 
or accidental injury during handling and will 
be acceptable if, in the opinion of the pur­
chaser, the repairs are sound and properly 
finished and cured and the repaired pipe con� 
forms to the requirements of these specifica� 
tions," 
In a most liberal interpretation, the pipe, even though severely damaged, 
could be acceptable if repaired and restored sufficiently to meet the 
requirements of the specification, 
The reinforcement steel in a concrete pipe is more or less 
inactive or passive so long as the pipe is subjected to a uniform radial 
loading, In this case, the annular shell of the pipe is uniformly in 
compression, Any unbalance in imposed loads produces tensile stresses 
in the outer portion of the concrete, Since the concrete is inherently 
weak in tension but strong in compression, the function of the reinforce� 
ment is to provide a tensile reactance to the compression borne by the 
concrete, Thus a pipe could be fabricated from individual concrete 
panels with external steel bands in much the same ��nner as wood�stave 
barrels (See Fig, 1) , It follows then that one or more damaged panels 
could be replaced and thereby restore the continuity of bearing and 
compression in the shell, 
On the other hand, if the shell were cast monolithically about 
the steel and were then fractured to such an extent that continuity of 
compressive bearing in the concrete was lost (See Fig, 2) , it follows 
that routing of the damaged concrete and replacement with new concrete, 
even though a high degree of bond was not achieved, should restore the 
COMPRESSION RING PANELS 
Fig, 1. Pipe Consisting of Compression Panels and External Reinforcement. 
DISCONTINUITY IN COMPRESSION RING ----.., 
INTERNAL REINFORCEMENT 
Fig. 2. Co�crete Pipe with Discontinuity in the C ompression Ring. 
Fig. 3. Pipe with C ompression Ring Patched and Restored. 
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pipe virtually to its original strength (See Fig, 3) , This idea assumes, 
of course� that the steel is not damaged and that the pipe, when restored, 
is not critically out�of�round, 
Many of the pipe found to be damaged in�place have been de­
formed considerably �� otherwise the concrete shell would have remained 
intact (See Figs, 4 through 9) , Rejecting any thought toward jacking 
in-place pipe back to roundness, the problem at hand involves the degree 
of collapse to which remedial treatment might be deemed feasible, For 
instance, if the pipe is elongated horizontally and if the continuity of 
the shell is restored, the pipe could never be quite as strong as the 
original round pipe, If the interior of the pipe is also lined to pro­
vide an additional compression ring (preferably reinforced) , it should 
be possible to strengthen the pipe to a degree equal to or greater 
than its original value (See Fig, 10) , 
Of equal importance to the strength of the pipe is the continuity 
of reinforcement steel, It is assumed that the steel in a damaged pipe 
may have been stressed to or beyond the yield point but that it is 
capable of again withstanding an equal level of stress unless continuity 
has been impaired, A broken weld or series of welds would therefore be 
an obvious detriment to strength unless repaired prior to replacement of 
concrete in the compression shell, In fact, welds and laps are of 
considerable interest to this study because of their possible influence 
upon the original strength of the pipe, In manufacture, where two 
cages of wire are used, it is the usual practice to place the joints 
180 degrees apart, It follows, therefore, that if the welds or laps 
Fig, 4. Failure in Bottom of 60-Inch Culvert under a 2 8-Foot Fill; 
Station 1619+45L, I-64-3(7) 35, Shelby County. 
Fig. 5, Failure in Top of 60-Inch Culvert under a 2 8-Foot Fill; 
Station 1619+45L, 1-64-3(7)35, Shelby County, 
Fig. 6. Failure in Bottom of 54�Inch Culvert Under a 32-Foot Fill; 
Station 1633+30L, I-64-3(7)35, Shelby County. 
Fig, 7. Failure in Top of 54-Inch Culvert Under a 32-Foot Fill; 
Station 1633+30L, I-64-3(7)35, Shelby County. 
Fig, 8. Failure in Bottom of 54-Inch Culvert under a 53-Foot Fill; 
Station 1087+50, I-75-7(5)160, Grant County. 
Fig. 9, Failure in Top of 54-Inch Culvert Under a 53-Foot Fill; 
Station 1087+50, I-75·7(5)160, Grant County. 
ADDITIONAl CAGE OF REINFORCEMENT -_, 
GUNITE -----' 
Fig. 10. Repaired Pipe with Reinforced, Gunite Liner, 
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are weak and if the pipe is by chance positioned in the three-edge 
bearing test or in an embankment so that the joints are located at 
points of greatest bending and highest stresses, strength could be seri­
ously affected -� moreso than if the joints were randomly orientated, 
Aside from other factors,"such as wall thickness and amount 
and strength of steel which are more closely related to design. the 
quality of welds or laps in the steel may largely determine D·load 
strengths, In an older specification (AASHO M 41�55, deleted in 1957) , 
the weld was described thus: 
"If welded, the member at either a welded 
splice or intersection shall develop a tensile 
strength not less than the minimum strength re� 
quired for the reinforcement, ,," 
The current specifications (AASHO M 170�60 and ASTM C 76�59T) specify: 
"If the splices are not welded",", 
and the alternative of welding is not subsequently clarified, AASHO 
M 32�60, Cold�Drawn Steel Wire for Concrete Reinforcement, covers the 
requirements for the wire to be used in Welded Steel Wire Fabric for 
Concrete Reinforcementv AASHO M 55�60 (ASTM A 185�58T) , which includes 
a shear�type test for the quality of welds obtained in the manufacture 
of the fabric (mesh) , Apparently none of the existing specifications 
covers the particular point about welding the mesh to form the rein� 
forcing cage, 
Observations of in�place pipe which were damaged structurally 
to an extent that the welded joints in the steel cage were exposed (in 
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the bottom of the pipe) revealed that some welds (lapped about 1-1/2 
inches, welded on one side) had broken, Welded' joints were then 
clipped from normal production cages and these were tested in tension 
(See Appendix E, Table 6), Invariably the splice was weaker than the 
wire, It was noted, however, that the break usually occurred at the 
juncture of the wire and fillet where the weld cut into the wire and reduced 
the cross-section, Also, due to the eccentricity of the pull about the 
weld, there was bending of the wire at its juncture with the weld, 
Although these pull-tests were not realistic or representative of the 
strength of the joint when encased in concrete, it was apparent that the 
welds were incapable of withstanding the full tension of the wire, 
MATERIALS AND APPARATUSES 
In an effort to obtain additional information concerning the 
effects of various pipe-fabrication practices upon pipe performances, 
the Kentucky Concrete Pipe Company was most cooperative in manufacturing 
and testing several sections of pipe at the Louisville Plant, 
Thirty-three sections of Class III pipe, 50 inches in inside 
diameter by four feet in length were prepared according to the following 
schedule: 
Series A - Four sections, inner and outer cages of re­
inforcement lapped at least 40 diameters, laps 
180 degrees apart, 
Series B - Four sections, inner and outer cages of re­
inforcement lapped at least 40 diameters, laps 
90 degrees apart, 
Series C - Four sections, inner and outer cages lapped 
approximately three inches and fastened with 
two spot welds, welds placed 180 degrees apart, 
Series D - Four sections, inner and outer cages lapped 
approximately three inches and fastened with 
two spot welds, welds placed 90 degrees apart, 
Series E - Four sections, inner and outer cages lapped 
approximately three inches and fastened with 
two spot welds, welds 0 degrees apart, 
Series F - Four sections, non-reinforced, 
Series G - Three sections, inner and outer cages lapped 
approximately 1-1/2 inches and fastened with 
one spot weld, welds spaced 180 degrees aparr. 
Series H - Three sections, inner and outer cages lapped 
approximately 1-1/2 inches and fastened with 
one spot weld, welds spaced 90 degrees apart, 
Series J - Three sections, inner and outer cages lapped 
approximately 1-1/2 inches and fastened with 
one spot weld, welds placed 0 degrees apart, 
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The inner cages of reinforcement were made from 3- x 8-inch, 
No. 0 + s. welded wire fabric. The No. 0 wire (0.3065-inch diameter) 
was the longitudinal wire in the fabric and was spaced three inches, 
center-to-center. This is the wire which provides the reinforcement for 
the concrete pipe. The No', 5 wire (0.2070-inch diameter) was spaced at 
eight inches. The outer cage of reinforcement was made from 3- x S•inch, 
No, 2 + 7, welded wire fabric; the No, 2 wire (0.2625-inch diameter) , 
on 3-inch spacing, provided the reinforcement for the pipe. 
The four sections of pipe in Series F were manufactured on 
November 9, 1960, and the 20 sections in Series A through E were made 
November 10, 1960. The last nine sections, Series G, H and J, were 
prepared on November 14, 1960. Test cylinders, 6 x 12 inches, and 
beams, 3 x 5 x 20 inches, were fabricated from the same concrete used in 
the pipe. 
The wire fabric for the reinforcing steel was taken from rolls 
and run through a press which shaped the fabric in the approximate form 
required (See Fig. 11) . The fabric was then cut and either tied or 
welded so as to maintain its shape during handling. For Series A and B 
the inner cage of reinforcement was lapped approximately 12 inches (See 
Fig, 12) and the outer cage was lapped approximately 16 inches (See 
Fig. 13) , Both the inner and outer cages used in Series c, D and E were 
lapped about three inches and were held in shape by two welds (See Fig, 14). 
For Series G, H and J the laps were approximately 1-1/2 inches and were 
fastened with a single weld (See Fig. 15) . Companion cages were then 
placed in the mold (See Fig. 16) and made ready for placement of the concrete, 
-, "-"',_,.,.,., 
� 
r
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�' 
Fig. ll. IVire Fabric from Roll Being Shaped by Running Through a Press. 
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Fig. 12. Joint of Inner Cages of Reinforcement Used in Series A & B. 
Fig. 13. Joint of Outer Cages of Reinforcement used in Series A & B. 
I 
Fig. 14. Joint of Inner Cage s of Reinforcement used in Series C, D. & E. 
Fig. 15. Joint of Reinf orcement Cages Used in Series G, H, & J. 
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All sections of pipe used in this investigation were machine­
made, tamped pipe (See Fig, 17) , In the machine, the relatively dry 
concrete mix is rammed into the form by two hardwood, metal shod tampers 
(See Fig, 18) operating at the rate of 500 to 600 times a minute,  The 
core (inside form) of the machine was fixed while the outside from re­
volved, As the form spins the dry mix is fed into the form and tamped, 
The machine then lifts the inside core and the pipe (See Fig, 19) is 
ready to be taken to the curing room, The outside form and base rings 
are so designed that when the latches are loosened, the weight of the 
form causes it to drop free from the pipe and permits the form to be re­
used immediately, The pipe we�e first cured in a steam-heated room 
(See Fig, 20) at 100°F to 130°F for 24 hours and then removed to an 
outside storage area for 28 days, 
A Forney testing machine (See Fig, 21) having a capacity of 
5000000 pounds, located in the yard of the Louisville Plant of the 
Kentucky Concrete Pipe Company, was made available for loading the 
pipe, All of the tests were made in this machine, 
Shown in Fig, 22 is a yoke assembly which was used to re­
strain selected sections of pipe along their horizontal diameters during 
the three-edge bearing test, Additional details of the yoke assembly 
are shown in Fig, 23, The four different sizes of tie rods used in 
this portion of the study were: 
l, Uniform diameter of 3/4 inch, 
2, Uniform diameter of 3/8 inch, 
Fig. 18. Hardwood Tampers. 
Fig. 19, Spun Inner Surface of Pipe after Core has been Withdrawn; Pipe 
Still in Outer Form and on Dolly, 
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Fig. 23. Details of Yoke Assanbly. 
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3, A 3/4-inch rod with a reduced section, 8.$; 
inches long x 0,30 inch in diameter • at the 
middle, 
4, A 3/4-inch rOd with a reduced section, 2,6 
inches long x 0,30 inch in diameter, at the 
middle, 
Selected pipe were tested in three-edge bearing and with horizontal re-
straint in order to obtain some knowledge of the horizontal reactance 
to vertical loading, 
From the group of pipe which was loaded to failure, a limited 
number was selected for repair. To effect the repair a cage of rein­
forcement steel was prepared from 3- x 8-inch, No, 0 + 4, wire fabric 
and placed in the broken pipe sections before gunite was applied to a 
thickness of approximately 2-1/2 inches, 
RESULTS AND DISCUSSION 
The results and discussions pertaining thereto are treated in 
four principal categories: 1) Reinforced Concreted Pipe, 2)  Non�reip� 
forced Concrete Pipe, 3) Repaired Pipe, and 4) Laterally Restrained 
Pipe, 
Reinforced Concrete Pipe 
Twenty�five pipe were loaded by the three�edge bearing method 
in accordance with the ASTM C 76-59T (See Appendix D) , Pipe E-2, as will 
be shown subsequently (Fig, 40) , was tested under a two�point bearing 
condition, In addition to recording the load required to produce a 0, 01-
inch crack and the ultimate load, provisions were also made to record 
load and changes in diameters throughout the entire test, The changes in 
the vertical and horizontal diameters were measured by means of extension 
dials as shown in Fig, 22, The load�deformation curves obtained from 
these tests are shown in Figs, 24-31, At the top of each figure ai'e 
sketches showing the position of the pipe and the relative locations of 
the laps in the two cages of reinforcement steel during the test, An 
examination of these load-deformation curves indicates certain character· 
istics (Fig, 32) which are essentially the same for all pipe regardless 
of fabrication and(or) placement of the steel or the position of the pipe 
in the testing machine, 
The load-deformation curves are essentially linear up to the 
occurrence of the O,Ol�inch crack, There seems to be a very slight 
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Fig. 29. Load-Deformation Curves for Series G. 
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Fig. 30. Load-Deformation Curves for Series H. 
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Fig. 32. Typical Load-Deformation Curves. 
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tendency for the deformation to increase, with little attendant increase 
in load, when the first crack appears - - at something less than 0,1 per­
cent change inwrtical diameter and a load of 13 to 18 kips, This tendency 
for.the curve to flatten seems to be more pronounced after the 0,01-inch 
crack appeared -- apparently, there was a slight redistribution of stress 
from concrete to steel, The 0,01-inch crack typically occurred at a 
strain of 0,1 to 0, 2 percent and at a load of 18 to 25 kips, The slopes 
of the curves become flatter as the ultimate load (40 to 45 kips) is 
reached at strains of 0,6 to 1,5 percent, The pipe in Series A and B 
(steel lapped 40 diameters and tied) appear to have reached the ultimate 
load at smaller deformations, 0,6 to 1,0 percent, and therefore gave 
steeper curves than pipe in which the steel was welded, 
Soon after the ultimate load was reached, the concrete at the 
top and(or) bottom began to shear (See Figs, 4 through 9, 33 and 34) , 
There was a slight decrease in the load at this point and thereafter the 
load remained rather constant to strains of 2,7 to 6 percent, At de� 
formations of this magnitude the steel started to break in the outer 
cage about midway up the sidewalls (See Fig, 35) , Very soon after the 
steel began to fail, the load decreased rapidly as the stresses trans­
ferred to the inside portion of the wall and caused compressive failure 
of the concrete (See Figs, 8 and 36) , 
It may be noted from the load�deformation graphs that pipe that 
had not been loaded sufficiently to break the steel recovered approxi· 
mately 50 percent of the strain upon unloading and that those in which 
the steel had been broken regained only about 15 percent of the strain, 
Other pertinent data from these tests are summarized in Table 2, 
Fig, 33, Shear-Type Failure in Top of Pipe. 
Fig. 34. Shear-Type Failure in Top of Pipe. 
Fig. 35. Broken Steel in OUter Cage of Reinforcement. 
Fig. 36. Compressive Failure of Inner Portion of Concrete Wall. 
',, 
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Table 2. Summary of Test Results on Pipe Tested in Three-Edge Bearing 
0.01-in. Crack Ultimate 
Pipe Load D-Load Load D-Load Date Date 
No. (kiJ1s) (lbs/sg.ft.) (kiJ1S) (lbs/sg.ft,) Manufactured Tested 
A-1 23 1278 37 2056 11-10-60 12-8-60 
A-4 -- -- 46 2556 11-10-60 5-11-61 
8-1 28 1556 44 2444 11-10-60 12-8-60 
8-2 -- -- 47 2611 11-10-60 5-11-61 
8-3 30 1667 46 2556 11-10-60 5-11-61 
8-4 -- -- 47 2611 11-10-60 5-11-61 
C·l 28 1556 47 2611 11-10-60 12-8-60 
C-2 27 1500 47 2611 11-10-60 5-11-61 
C-3 20 1111 43 2389 11-10-60 5-11-61 
C-4 25 1389 44 2444 11-10-60 5-11-61 
D-1 3 2  1778 45 2500 11-10-60 12-8-60 
D-2 24 1333 41 2278 11-10-60 5-11-61 
D-3 26 1444 48 2667 11-10-60 5-11-61 
D-4 25 1389 46 2556 11-10-60 5-11-61 
E-2 -- -- 43 2389 11-10-60 5- 25-61 
E-3 24 1333 46 2556 11-10-60 5-25-61 
E-4 -- -- 44 2444 11-10-60 5-25-61 
G-1 29 1611 50 2778 11-14-60 1 2-8-60 
G-2 -- -- 43 2389 11-14-60 5-25-61 
G-3 20 1111 47 2611 11-14-60 5-25-61 
H-1 25 1389 43 2389 11-14-60 5- 25-61 
H-2 -- -- 43 2389 11-14-60 5-25-61 
H-3 -- -- 45 2500 11-14-60 5-25-61 
J-1 21 1167 41 2278 11-10-60 5-25-61 
J-2 21 1167 47 2611 11-10-60 5-25-61 
J-3 21 1167 43 2389 11-10-60 5-25-61 
Non�Reinforced Concrete Pipe 
Four pipe (Series F) fabricated with no reinforcing steel 
were broke in the three-edge bearing test (See Fig, 37) , The results 
of these tests are summarized in Table 3, 
Table 3, 
Pipe 
No, 
F�l 
F-2 
F-3* 
F-4 
Summary of Test Results on Non-Reinforced 
Concrete Pipe (Series F) 
ultimate 
Load Date Date 
(ki� D·Load Manufactured Tested 
16,5 
26,0 
23, 0 
22,0 
919 
1440 
1280 
1220 
11-9�60 
11-9-60 
11-9-60 
11-9-60 
12-8-60 
7-18-61 
7-18-61 
7-18-61 
* Maximum vertical deflection less than 1/8 inch, 
Fig. 37. Non-Reinforced Concrete Pipe Under Test. 
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Repaired Pipe 
Three pipe �� C�3, E�Z and J�2 �� were used for this portion 
of the study, These pipe were first loaded in the three�edge bearing• 
as described previously, in order to obtain damaged pipe, The results of 
these loading tests were given in Figs, 26, 28 and 31 � �  which indicate 
the extent of structural damage before repair was attempted, To effect 
the repair, a cage of reinforcement was placed in the damaged pipe and 
gunite was applied, After repairs had been completed, the pipe were 
again loaded by the three�edge bearing method, 
The cages of reinforcing steel used in the repair work were 
fabricated from 3� x 8�inch, No, 0 to 4, wire fabric, The cages for 
Pipe C�3 and Pipe J�Z were prepared from a single section of the wire 
fabric; the joints were lapped approximately three inches and were joined 
by a single weld on each strand of wire, The cages were positioned in the 
damaged pipe and a clearance of about one inch was maintained between the 
wire and the wall of the pipe by clipping and bending portions of the 
No, 4 wire, The cage of Pipe E�2 consisted of two semi�circular sections 
of wire fabric lapped approximately three inches and spliced together with 
two spot welds on each strand of wire, The clearance between the wire 
and the pipe wall was maintained with one�inch mortar cubes, 
The proportioning of the material used to prepare the gunite 
was three parts sand, two parts cement, and water as needed to obtain the 
desired consistency, The total quantity of materials used for repair 
of the three pipe included seven bags of portland cement and 30 gallons 
of water, Approximately '300 pounds of material was lost through rebound, 
� 18 � 
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The gunite was applied to a thickness ranging between 2�1(4 inches and 
Yl/2 inches, The gunite was applied first to the sides of the pipe, 
then to the top and finally to the bottom after removing rebound 
materia+ with compressed air (See Figs, 38 and 39), Gunite work was 
done on June 13, 1961, by a Department of Highways' mainterlance crew, 
Special provision was made to prevent Pipe E�2 from 
rebounding or recovering its circular shape after it had been loaded 
beyond its ultimate strength, At the conclusion of the initial loading 
test, the yoke assembly pictured in Fig. 23 was placed on the pipe to 
hold it in its collapsed shape until it could be repaired and retested, 
Figures 40 and 41 show Pipe E-2 after it had been repaired and at the 
time of retesting, 
The load�deformation curves for the gunite-repaired pipe are 
shown in Figs, 42 to 44, It is noted that this type of repair is more 
than adequate to restore structural integrity to the pipe. Table 4 
summarizes some data obtained in this portion of the study. F\igures 
45 and 46 show a repaired pipe before and after the loading test, 
Table 4, Summar� of Test Results on Re£aired Pi� 
Ult1mate Date o 
Pipe Load D-Load Date Initial Date Date 
No, C:kiEs2 (lbs/sg,ft,) Manuf, Testin� Repaired Tested 
C�3 90 5()00 11�10-60 5�11-61 6-13-61 7-18-61 
E-2 112* 6222 11-10-60 5-25-61 6�13-61 7-18-61 
J�2 94 5222 11�14-60 5-25-61 6-13-61 7-18-61 
* Yoked to prevent rebound, 
Fig. 38. Gunite Repair of Damaged Pipe. 
Fig. 39. Close-up of Gunite Repair • 
. ,, 
' 
,1! II II 
Fig. 40. Repaired Pipe E-2. 
' 
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Fig. 41. Repaired Pipe E-2 after Retesting. 
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Fig. 43. Load-Deformation CUrve for Repaired Pipe E-2. 
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Fig, 44. Load-Deformation CUrve for Repaired Pipe J-2, 
Fig9 45. Repaired Pipe before Testing. 
Fig, 46. Repaired Pipe after Testing. 
Laterally Restrained Pipe 
To determine the effects of lateral resistant (lateral resis� 
tance) on the load-carrying capacity of pipe, Pipe A-2, A-3 and E·l were 
laterally restrained by the yoke assembly shown in Figs, 23 and 24 and 
were then loaded, The load-deformation curves resulting from these tests 
are pictured in Figs, 4 7 to 49, 
Even though the lateral restraint was applied by a rather 
critical, two-point bearing, the load-carrying capacity was increased 
150 to 260 percent, When the 3/8-inch diameter tie rods, or the tie 
rods having the reduced sections, were used, this increase was 150 to 
180 percent, and when the 3/4-inch diameter tie rods were used in the 
yoke assembly, the increase in ultimate load was 230 to 260 percent, 
The over-all slope of the load-deformation curves was somewhat 
steeper when the lateral restraint was applied than when the pipe was 
not restra,ined, The first crack observed it\ these restrained pipe was 
-
... " . ' .  . . •, - ' . ' . . 
at a load of approximately 20 kips and a strain of less than 0,1 percent; 
the 0,01-inch crack occurred at loads of 25 to 30 kips and strains of 
0,1 to 0,15 percent, Table 5 summarizes some of the data obtained from 
these tests, 
The ultimate load data summarized in Table s, as well as 
those contained in Tables 2 and 3, are presented in graphical form in Fig., 
50, The sums of the areas of steel in the internal reinforcement and in 
yoke-assembly tie rods have been plotted as a function of the ultimate 
loads obtained in the bearing tests, A similarity is noted here in the 
linear relationships apparent in these data and in those presented by the 
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Fig. 47, Test Results for Pipe A-2: 
1) Restrained by four, 0,30-inch diameter, 2.6-inch 
long, reduced-section tie rods; loaded to failure 
of the reduced section and then unloaded; and 
2) Restrained by four, 3/4-inch uniform-diameter tie 
rods and loaded to ultimate. 
Both sets of the tie rods elongated (yielded); the 
elongation was concentrated in the reduced section 
in the first test condition; the uniform rods elongated 
uniformly throughout their full length. 
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Fig, 48. Test Results for Pipe A-3: 
1) Restrained by four, 0,30-inch diameter, 8-inch long, 
reduced-section tie rods; loaded to ultimate and then 
unloaded; 
2) Restrained by four, 3/4-inch uniform-diameter tie 
rods; loaded to ultimate and then unloaded; and 
3) Loaded to ultimate without lateral restraint, 
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Fig, 49. 
CHANGE IN VERTICAL DIAMETER (%) 
Test Results for Pipe E-1: 
1) Restrained by four, 3/8-inch uniform-diameter tie 
rods; loaded to ultimate and then unloaded; and 
2) Restrained by four, 3/4-inch uniform-diameter tie 
rods; loaded to ultimate. 
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Fig, SO. Relationship Between Ultimate Load and Total Area of 
Steel (Internal Reinforcement Plus External Tie Rods). 
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Table 5, Summary of Test Results on Laterally Restrained Pipe 
O,Ol�inch Crack Ultimate 
Pipe Load b�Load Load D�Load Date 
No, (kiEsl (lbs/sg,ft,) (kiEs2 (1bs/sg,ft,l Manuf, 
A�Z 25 1389 741 4111 11-10-60 
1052 5833 
Date 
Tested 
5-9-61 
A�3 25 1389 683 3778 -11-10-60 5-9-61 
1042 5778 
534 2944 
E�1 30 1667 615 3389 11-10-60 12-20-60 
932 5167 
Notes: l, Tie rods having reduced sections 2,6 inches in length, 
0,30 inch in diameter, 
2, 3/4-inch uniform diameter tie rods, 
3, Tie rods having reduced sections eight inches in length, 
0,30 inch in diameter, 
4, No laterial restraint, 
5, 3/S�inch uniform diameter tie rods, 
American Concrete Pipe Association� -� that is, the additional area of steel 
contained in the yoke�assembly tie rods increases the load-carrying capacity 
of the pipe in much the same manner as if this steel had been included in 
the internal reinforcement, It is also interesting to note that the ulti-
mate load sustained by the non-reinforced concrete pipe (20 to 25 kips) 
was on the order of the load required to produce the 0,01-inch crack in 
the reinforced pipe, 
* "D�Load Design and Tests of Concrete Pipe - 1956, " Technical Memorandum, 
American Concrete Pipe Association, October 1, 1957, 
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The restraint offered by the tie rods of the yoke assembly 
may be, in a manner, considered to represent the reactance provided 
by the earth pressure around a culvert in a field installation, Since 
it has been suggested above that the total cross$sectional area of the 
tie rods can be equated to a similar increase in the area of internal 
reinforcement, it may be inferred that lateral earth pressures on the 
pipe culvert can also be related to an equivalent area of internal rein$ 
forcing steel -- that is, the resistance of the soil to lateral deforma$ 
tions is analogous to diametrical reinforcement and to circular rein$ 
forcement, Thus, compaction of backfill contributes to the load-carrying 
capacity of a pipe in much the same way as internal reinforcing steel, 
SUMMARY OF SIGNIFICANT FINDINGS 
The principal findings regarding the fabrication and location of 
joints in the reinforcing steel are summarized as follows: 
1. The 0.01-inch crack strength and the ultimate strength were 
not significantly affected by the three methods used to fabricate the 
joints in the reinforcing cages. The data indicate that there is very 
little difference in the over-all performance of pipe prepared with: 1) 
lapped-and=tied joints (Figs. 12 and 13), 2) double-welded joints (Fig. 
14)9 and 3) single-welded joints (Fig. 15). 
2, With regard to the relative positions of the joints in the 
outer and inner cages of reinforcement, there appears to be no measure­
able difference in the performance of pipe in which the joints are 
spaced: 1) zero degrees apart, 2) 90 degrees apart, and 3) 180 degrees 
apart, 
3, The load-carrying capacities of the pipe fabricated for this 
investigation were not significantly affected by the location of the 
joints in the three-edge bearing tests. Pipe oriented with their joints 
in the most critical location (points of maximum bending, i.e., four 
cardinal points) performed as satisfactorily as those pipe in which 
the joints were located in more favorable positions, 
follows: 
The findings from other phases of study are summarized as 
1. The ultimate loads withstood by non-reinforced con­
crete pipe were approximately equal to the load re­
quired to produce the 0,01-inch crack in the reinforced 
pipe, 
- 23 -
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2, The repairs, which were made on structurally damaged 
pipe, with reinforced-gunite inner liners, sufficed 
to restore original load-carrying capacity to the pipe, 
3, Steel in tie rods used to provide lateral resistant 
(horizontal reactance to vertical loading) appeared 
to increase the load-carrying capacity of pipe to 
the same extent that an equal amount of internal re• 
inforcement would have provided. 
The findings thus outlined have already prover1 to be of value and 
suggest additional areas of study, Committee C-13 of ASTM approved the 
following revision to C 76 in 1962 (AASHO Committee on Materials subse­
quently approved a revision of M 170 to conform to ASTM C 76-62T): 
"When splices are welded and are not lapped to the 
minimum requirements above, pull tests of representative 
specimens shall develop at least 75 percent of the mini­
mum specified strength of the steel, " 
The apparent relationships between the action of external, hori­
zontal tie steel and the action of internal reinforcing steel may engender 
further study and lead, perhaps, to more meaningful relationships between 
passive earth-pressures and the ability of D-strength pipe to withstand 
fill loads, 
APPENDIX A 
Design and Installation Criteria For 
Reinforced Concrete Pipe Culverts 
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April 4, 1957 
CIRCULAR MEMORANDUM TO: Regional and District Engineers 
FROM: G. M. William s ,  Assistant Commissioner for Engineering 
SUBJECT: Reinforced Concrete Pipe Culverts 
The purpose of this m1Ullorandum is to set forth a criteria for 
the design and installation of reinforced concTete pipe culverts under 
various heights of fills and the various methods of bedding. 
Improper methods of installation operate to restrict the field 
of usefulne s s  of reinforced concrete pipe culverts by fail.ure to uti­
lize the inherent toad carrying capacity. The need fot' proper culvert 
installation is apparent not only £rom the standpoint of maintaining 
the structural integrity of the culvert itself but also to prevent or 
minimize to the� extent pos sible settlements in the road surfaces which 
occur adjacent to culvert installation. Proper specifications� there­
fore . must provide methods foT the installation of reinforced concrete 
pipe culverts which wiU make possible their efficient utilization._ 
The following criteria for the de sign and instaltatron of concrete 
pipe culverts has been developed in coopeyation with the American 
Concrete Pipe Association and in connection the rewith an attempt has 
been made to simplify the prevailing methods o£ computing the neces­
sary pipe strengths for the various classes of bedding commonly used. 
Specifications covering the installation of reinforced concrete 
pipe culverts conforming to this criteria are recommended and wilt be 
considered satisfactory for use on Federal-aid projects, 
This criteria. although prepared primarily for reinfor ced con­
crete pipe culverts, is applicable to any type of rigid pipe . This 
memorandum supersedes the memorandum on the subject "Instal­
lation of Pipe Culverts. ,; dated June 5, 1935. 
COMM -DC 10930 
GENERAL 
1 e 1- These criteria cover the design and installation of circular or 
slightly elliptical reinforced concrete pipe culver�. 
1 .:2-Pipe shall be (a) round pipe reinforced by two liljes of circtjlar 
reinforcement; (b) round pipe reinforced by one line of elliptical 
reinforcement; (c) elliptical pipe reinforced with one line of circular 
reinforcement. 
DESIGN 
:2.1-FAOORS AFFECTING STRENGTH 
The strength required for a given rigid pipe depends upon its 
size, the height, character, and weight of the fill over the culvert. the 
character of the foundation, the depth, and width of trench (if any) in 
which the pipe is installed, and the method of bedding and installation. 
2.2-STRENGTH Of PII'E 
The strength requirements for reinforced concrete pipe are given 
in '!able l A more accurate determination may be obtJ.ined from 
Chart H. The strength is expressed in ."D" loads, i.e., the minimum 
ultimate loads per linear foot required to be sustained by the pipe 
divided by the nominal diameter of the pipe in feet. Both Table I 
and Chart U have been computed on the basis of a safety factor of 
1.33. The stre11gth of the pipe shall be measured by the three-edge 
bearing method as specified in ASTM C-76. I! required by the engi­
neer, three·edge bearing tests shall also be made as specified in 
A.S.T.M. C-76 to determine the •trength of the pipe at the first l/100-
inch qack. If so required, the 1/100-inch crack load shall be used 'l{ith 
a safety factor of I, i.e., the required l/100-inch crack strengths shall 
be at least equal to the D values given in Table I, divided by 1.33. 
Similarly, if Chart II is usedo the "D" values given on the lines in the 
upper left corner of the chart may be divided by !.33 and taken as 
the minimum permissible cracking loads. The pipe shall meet the 
requirements for· both the ultimate and cracking tests or the cracking 
test may be substituted for the ultimate test as the engineer may direct. 
Table I and Chart II have been computed for strengths of pipe 
up to 6;000 D. For height of Iii! requiring greater strength, special 
designs shall be made. 
2.2.1 -Explanalion of Table I 
'�D- Value" 
"D Value" is a term commonly used by pipe culvert designers to 
designate the strengtl: measured by 3-edge bearing test per linear foot 
)> 
"' 
TJI.Bli: 1 -GIVING MINIMUM AllOWABLE UlTIMATE "D" VAlUE OF CONCRETE PIPE IN 1 ,000· 
POUND UNITS FOR V ARlO US ClASSES OF BEDDING AND HEIGHTS OF OVERFILL 
SAfETY FACTOR ASSUMED 1 .33: 
All ' 'D" ,·alues ha,·e been computed for a 60-i nch pipe. I n  general, they are accurate enough .for any pipe size now i n  use except 
for the trench condition. Here the values giYen in  the table are too large for smaller pipes and too small for larger sizes. For more 
acn:rate determination�. u�e Chart I I .  
l '  'i CLASS ..\ BEDD ! :"-;(; I' Cl..-\SS B BEDDl :'-: < C  CLASS B , CLASS c BEDDING ' ... BEDDING - �-� p���l pl�Ol Tc1e';l-��O p;� 7 l •; •�cl; 
1 s 1 1 .0 Lo l . l  I 1 .4 1 . 8 J .o 
"0 1.l 1 . 7 
" · · · '  1 .1; 2 . 1  
.lfl 1 .'J 1 . 5  
3 5  2 . 2  2.9 
.JO 2 .  () 3 . 3  
45 .2.9 .u 
50 3.2 4 . 2  
60 3.9 5.0 
70 �.5 5.8 
80 5.2 -
90 5 . 8  -
100 - -
I u I 1 .9 1 .5 2 . 4  2.4 1 .9 3.0 2 . 2  
1 . 7 1 2 .8 3.6 2.5 
1 . 8 I 3 . 3  4 . 2  2. 7 
2 . 0  3.8 4.8 2.9 
2 . 1  4.3 5.4 3 . 1  
2 . 2  4 . 8  6.0 3. 2 I 2 . 3  5.8 - 3.4 
2.-1 - - 3 .6 I 
2 . 5  - - 3 . 7  
2 . 6  - - 3.8 
2.6 I - - J.s I 
p =O p =0 .9 Trench 
1 .2 1 .4 1 . 3  
1 . 7  2.3 1 . 8  
u 2 . 2  . 3.0 2 . 3  
1 . 5 2 . 8  3.8 2.6· 
l . 7  3.3 4.5 2.9 
2.0 3.9 5.3 3.2 
2.2 4.5 6.0 3.4 1 
2.5 5 . 1  - 3.6 I 
2.8 5.7 - 3.8 
3.3 - - 4 . 1  
3 . 8  - - 4.3 
4.3 - - 4.4 
4. 8 - - 4.5 
5 .3 - - 4.6 
CLASS c, I CLASS D BEDDING 
BEDDING H 
p �O p = t ,  Trench , 
, ---
1 .5 
1 .8 
2 . 1  
2 . 4  
2 .7  
3.0 
3. 3 
3.9 
4.5 
5 . 1  
5. 7 
-
1 .9 
2 . 7  
3 . 6  
4.4 
5.3 
-
-
-
-
-
-
-
-
2 . 4  
3 . 8  
5 . 0  
-
-
-
-
-
-
-
-
2 . 1  1 0  
2.9 1 5  
:u 20 
4 . 1  2 5  
4.6 30 
5.0 35 
5.4 I 40 
5 . 7  45 
5.9 50 
- 60 
- 70 
- 80 
- 90 
- 100 
NOTE: For depths of overfill less than 2 feet, where the nominal pipe diameter is less than 5 feet, add SO per cent to the "D" values given in the table for 
H ;z: 1 0  to provide for live load and impact. Otherwise, for overfills less than 10 feet, use the "D" value given for H = 10. 
)> 
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of pipe per foot of internal diameter. Thus, a 3,000 D pipe of 2-foot 
diameter is able to support a 3-edge bearing. load of 6,000 pounds 
per linear loot of pipe. 
Class of Bedding 
The classes of bedding relate to six different methods used in 
installing tbe pipe. The methods are described in detail under "In­
stallation." In outline, tbey are as follows: 
Class A Bedding 
The pipe is supported on a continuous concrete cradle. 
Class B Bedding 
The pipe is bedded by tbe most careful methods, but no con­
crete cradle is used. 
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Chert Ill Con,rete Pipe Chart-Jan. 1957. Giving the maximum allowable height of fill (H) in terms 
of clau of bedding (A, 8, C, &. D, Amer. Contr. Pipe Ann.) projection ratio (p), seHiement i'otio 
Ired)• outside diameter of _pipe (!c) and strength of pipe IDJ. All dimensioned quantities are In 
feet-safety fador = 1.33. 
Class B1 Bedding 
The pipe is bedded as described under Class B and, in addition, 
the imperfect ditch method is used above it. 
In specifying B1 bedding, the stability of the pavement above 
the pipe must be considered and provided for by an adequate com+ 
pacted cover of earth. 
Class C Bedding 
The pipe is installed with ordinary care. 
Class C1 Bedding 
The pipe is bedded as described under Class C and, in addition, 
the imperfect ditch method is used above it. In specifying C1 bedding, 
the stability of the pavement above the pipe must be considered and 
provided for by an adequate compacted cover of eanh. 
Class D Bedding 
The pipe is installed without any great care in compacting the 
earth around it. 
2.2.2-Height of fill 
The height of fill is given in the first vertical column on the left 
of the table. The heights are in feet measured from the top of the pipe. 
2.2.3-Projeclion Ratio 
The projection ratio is designated as "p" and is defined as the 
ratio of the distance of the original ground surface below the outside 
top of pipe to the outside diameter of pipe. 
2.2.4 
Class B and C Beddings require that "p" be 0.7 or less and 0.9 or 
less, respectively, so the table does not shmr \a l ues above these limits. 
2.2.5 
The columns marked "trench" assume that the pipe is installed 
wholly within a trench and that there is no fi l l  over the natural ground 
surface. \Vhere the sides of the trench are not \'Crtica], its width shall 
be assumed as that at the level of the top of pipe. Th(' 1 rcnch is assumed 
to be 1.35 times the outside diameter of the pip1·. \\"lltTc the actual 
uench exceeds this width, the required "D" value may be ohtained by 
multiplying the table value by the width of trench diYidnl by I .:�5 
except that the required value shall not exceed the value lor p I .  
2.2.6 
This settlement ratio is determined by an equation which Hl 
volves the deflection of the conduit, the settlement of the flow line ol 
the conduit, the settlement of the embankment subgrade adjacent to 
)> 
u; 
!he conduit, i!ll d the deformation of the filling material adjacent to 
!he conduit within the height which the conduit extends above the 
natural ground sc:mce. The settlement ratio is designated by the 
symbol "r,.''. The value r,, = 0.7 has been assumed. For other values 
of r,. and for more accurate results in general, Chart II should be 
wed in place of Table I. 
Where the projection ratio, p, or the type of bedding shown in 
the table does not correspond with field condiliom, interpolated 
values may be used. Thus, if the original ground surface is half way 
between top of pipe and final ground elevation, the required "D" 
value :may be taken as the average of p = 0 aud "Trench" coln:mm. 
'2.2.8 
Weight of earth has been assumed 120 pounds per cubic foot. 
2.3. 1-E><plonoiion of Chari II 
This is a combination of four diagr...,.;viz: 
Upper right, giving load factor, "Lt'' in teJ.'l:m of the projection 
"p", :md the bedding class as defined h th= specilicatiom. 
The load factor ill defined as the ntio of the strength of a piP" 
nnder :my stated condition of loading to il> strength when tested in 
the three�e bearing test" The principal variables are the projection 
ratio and the d""" of bedding, although the size of piP" md !ill heigbt 
have oome effect. The value of "q" representing the lautt Vlilriableo 
has been taken as 0.18" 
Upper giving the safe uniform load �' for a given strength 
0 • of prpe and load factoro 
Lower left, giving "C," in terms of �· and II,. 
. These constants are taken from "Soil Engineering," by M" G" Sp:mgler, 
page 422," fonnula (25-7) giving W, = C, w B,', whtte w = weight 
of earth per cubic foot. 
Lower right, giving the value of � in terms of C, and r,,p" The 
diagram was obtained by plotting values of equations (25-9) and 
(25-10) in Spangler's book, pages 422 and 423. As used here, C, is a 
comtant, H = allowable height of fill over the top of the culvert, 
B., == outside diameter of culvert. p = projection ratio as defined 
above (Section 2.2.3), and r" = settlement ratio as defined above (Sec· 
tion 2.2"6). The following values for r" are suggested (See "Soil 
Engineering,'" by M" G. Spangler. page 422)" 
Rigid culvert on foundation of rock or unyielding. soil + LR 
Rigid culvert on foundation of ordinary soil + 0"5 to 0.8" 
Rigid culvert on foundation of material that yields with respect 
to adjacent ground + 0"0 to 0.5" 
::!.3.2 
The chart may be used to detennine the necessarv p1pe strengths 
for the trench condition by using cun:e OT in the lo>n:r right hand 
diagram. The rest of the chan mav be used as Dedding conditions A, 
B, C. an.d D. excem that where\·er B.. is gi\·en. substitute Bd, the width 
of the trench . .\ls� change the ··n .. Y;ln�s given in the upper left hand 
chan by the !actor B,. 
B.  
2.3.3 
For the B1 and C condition� assume p = l.O. Ordinarily rgd 
may be taken at -0.6. 
2A-MINIMUM HEIGHT Of Fill 
The minimum height of fill bet'iKeen the top o[ a rigid pipe 
culvert and the finished grade of the roadway shall be 1.75 feet for 
11.mpaved road and those paYed with .a flexible type of pavement. for 
roads paved \1.·ith_ Portland cemem: concrete, the minimum height oE 
fill shall be L25 feet" 
INST Ali.A TION 
3" 1 -CONSTRUCTION MACHINERY 
Movement of construction machinery over a culvert shali be at 
the contractor's risk. Any pipe injuted thereby shaH he repaired or 
replaced at the option of the engineer and at the expense of the 
contractor. 
3.2-TEMl'OI!ARV STREAM FLOW 
The contractor shall provide, as may be necessary, for the tern· 
porary diversion of ·water in order to permit the installation of the 
culvert in the dry. 
3.3-FILL MATERIAl 
Fill material within a nominal pipe diameter distance at the 
sides of the culvert and one foot over the top shall be of soil which 
can be readily compacted. It shall not contain stones which will be 
> 
0'. 
retained on a 3-inch ring, frozen lumps, chunks of highly plastic clay, 
or any other material which is objectionable in the opinion of the 
engineer. Atten.tion is directed to possible exceptions to this require· 
ment in classes B 1  and C1 beddings (see paragraphs 3.9.3 and 3 9.5). 
3 .4-CAMBER 
The invert grade of culvert shall be cambered by an amount 
sufficient to prevent the development of a sag or back slope in the 
flow line as the foundation soil settles under the weight of the em· 
bankrnent. The amount of camber shall be determined by the engi­
neer, based upon consideration of the flow line gradient, the height 
of fill, the compressive characteristics of the supporting soil, and the 
depth of the supporting soil stratum to ledge rock. ln no case shall 
the camber be sufficient to Produce an adverse grade after settlement 
has occurred. 
Pipe laying shall begin at the down stream end of the culvert 
with the beH or groove end of the first pipe section upstream. \Vhen 
bell and spigot pipes are used, bell holes shall be dug in the pipe 
to accommodate the bells. They shall be deep enough to 
insure that the beU does not bear on the bottom of the hole and they 
shaH not be excessivelv wide in the longitudinal direction of the 
. � the barrel of each pipe shall be in 
contact with the quadrant shaped bedding throughout its fun 
exdusive of the 
3.5.1 
When elliptical pipe ·with circular reinforcement or circular pipe 
with elliptical reinforcement is used, the pipe shall be installed in 
such a position that the manufact urer's marks designating the "top" 
or "bottom " of the pipe shall be not more than 5° from the vertical 
plane through the longitudinal axis of the pipe. 
;:l,5.2-Multiple Pipe Culverts 
Where multiple lines of pipe are used, they shall be spaced far 
enough apart to permit thorough tam ping of the earth between the 
pipe. To this end, the adjacent sides of the pipe shall be at least one­
halt the nominal pipe diameter apart or three feet, whichever is less. 
3.6-JOINTING PIPE 
Pipe joint design may be of the bell and spigot type or the tongue 
and groove type unless one type is specified by the engineer. 
3.6.1 
Joints shall be made with (a) Portland cement mortar, (b) Port· 
land cement grout, (c) rubber gaskets, (d) oakum, or (e) a combination . 
of these materials unless one type or combination is specified by the 
engine�r. 
3.6.1 (a) Mortar Joints 
The mixture shall be one part Portland cement and two parts 
sand by volume. The quantity of water in the mixture shall be suffi· 
cient ..to produce a stiff, workable mortar but shall in no case -exceed 
five and one·hal£ (5Y2) gallons of water per sack of cement. The sand 
shall conform to the Specification M45-42 and the cement shaH con· 
form to Specification M85-53 of the American Association of State 
Highway Officials. 
H ordered by the engineer, air entraining Portland cement co& 
forming to Specification A.A.S.H.O. M-1 34-53 or an admixture con­
forming to A.A.S.H.O. M-149-54 shaH be used. 
The pipe ends shaH be thoroughly cleaned and wetted with water 
before the joirrt is made. Stiff mortar shall rhen be placed in the lower 
half of the beH or groove of the pipe section already laid. Next, mortar 
shaH be applied to the upper half of the spigot or tGngue of the 
laid. Then the spigot or tongue end of this 
3.6.1 (b) Grout Joir.!s 
gToo>.,re end of the pipe already 
care to see that the inner surfaces of the 
and e\ren . 
The gTout shi:dl consist of Portland cement conforming to M85-53 
of the American Association of State Highv-/ay Officials mixed to the 
proper consistency ·with not more than 5 gallons of ·water per sack of 
cement. 
The grout shall be poured or pumped into the joint space and 
retained by molds or runners around the pipe in a manner acceptable 
to the engineer. 
3.6.1 kl Rubber Gasket Joints-Tongue ond Groove Pipe 
Rubber Gaskets-The gasket shall be a continuous rubber ring 
which fits snugly in the annular space between the bt:vded surface 
of the tongue and the groove ends of the p ipes to form a flexible 
water-tight seal under aH conditions of service. The gaskets shaH have 
smooth surfaces free from all imperfections. The ·gaskets shaH meet 
the physical test requirements specified in "Methods of Physical Test 
and Chemical Analysis for Rubber Goods" [Federal Specification 
ZZ-R-601 a( l ) J .  Tensile strength shall be at least 2,300 p.s.i .  Elongation 
at rupture shall be such that 2-inch gage marks will stretch at least 
10 inches. Hardness shall be between 40 and 65 as measured with a 
Shore Durometer. Permanent set shall not exceed 20 percent of 
original gage length. 
3.6.1 ld) Oakum Joint-Bell and Spigot Pipe 
Exterior Seal-The bell and spigot pipe shall be calked with 
oakum and sealed with a hot poured joint compound. Oakum shall 
be made from hemp (Canabis Sativa) line, or Benares Sunn Fiber, or 
from a combination of these fibers. The oakum shall be thoroughly 
corded and finished and practically free from lumps, dirt, and ex­
traneous matter. The fibers shall be thoroughly impregnated with hot 
asphaltic cement. The sealer shall be Atlas JC-60 hot poured sewer 
joint compound or the approved equivalent. 
3.7-FINISHING 
After the joint is made, the inside surface of the pipe and the 
:» annular space between the ends of the pipe shall be cleaned. The joint 
shall then be filled with mortar, and finished smooth and even with 
""'--l the inside surface of the pipe. For pipes 30 inches or less in diameter, 
the filling of the joints shall be done before the grout or mortar in 
the joints has set. For pipes over 30 inches in diameter, this operation 
shall be postponed until the earth fill has been completed. It will 
probably be necessary to reclean the joints before applying the mortar. 
3.8-ROCK OR OTHER INCOMPRESSIBlE FOUNDATION 
Where ledge rock, rocky, or gravelly soil, hard pan, or other 
unyielding foundation material is encountered at a culvert site, the 
pipe shall be bedded in accordance with the requirements of one of 
the classes of bedding, but with the following additions: The hard 
unyielding material shall be excavated below the elevation of the 
bottom of the concrete cradle (Class A bedding) or the bottom of the 
pipe or pipe bell (Class B, B 1 ,  C, and C1 beddings) for a depth of at 
least 1.2 inches or Y, inch for each foot of fill over the top of the pipe, 
whichever is greater, but not more than % the nominal diameter of 
the pipe. For Class D bedding, the depth shall be 8 inches. The width 
of the excavation shall be one foot greater than the outside diameter 
of the pipe and shall be refilled with selected fine compressible mate­
rial, such as silty day or loam and lightly compacted and shaped as 
required for. the specified class of bedding. A typical Class B bedding 
on rock foundation is illustrated in Figure 4. 
3.9-METHODS OF BEDDING 
The contact between a culvert pipe and the foundation on which 
· it rests is the pipe bedding. It has an important influence on the sup­
porting strength of the pipe. The class of bedding to be employed 
shall be determined by the engineer and specified on the road plans. 
Six classes of pipe beddings are as follows: 
3.9.1 -Ciass A-Concrete Cradle Bedding 
In this class of bedding, the lower part of the pipe exterior shall 
be bedded in a continuous cradle constructed of 2,000-pound concrete 
or better, having a minimum thickness under the pipe of one-fourth 
(}4) the nominal inside diameter and extending up the sides of the 
pipe for a height equal to one-fourth (1;4) of the outside diameter. 
The cradle shall have a width at least equal to the outside diameter 
of the barrel of the pipe plus 8 inches and it shall be constructed 
monolithically without horizontal construction joints. A typical Class 
A bedding is illustrated in Figure 1 .  
3.9.2-Ciass B Bedding 
This class of bedding is applicable only when the projection ratio 
is not greater than 0.7. The pipe shall be carefully bedded on fine 
granular materials over an earth foundation, accurately shaped by 
means of a template to fit the lower part of the pipe exterior for at 
least 15 percent of its overall height. Compactible soil material shall 
then be rammed and tamped in layers not more than 6 inches thick, 
around the pipe for the remainder of the lower 30 percent of its height. 
Backfilling to the top of the pipe shall then be completed as specified 
under "BaEkfilling."" A typical Class B bedding is illustrated in Fig. 2. 
3. 9.3-Ciass B, Bedding 
In this type of installation, sometimes called the imperfect ditch 
method, the pipe culvert shall first be installed in accordance with 
the requirements of Class B bedding. Then the fill shall be compacted 
at each side of the pipe for a lateral distance equal to twice the outside 
diameter m 12 feet, whichever is less, and carried up to an elevation 
equal to the outside diameter of the pipe plus one foot, above the top 
of the pipe. Next, a trench equal in width to the outside diameter of 
the pipe shall be dug in the fill directly over the culvert, down to an 
elevatioH one foot above the top of the pipe. Care shall be exercised 
to keep the sides of this trench as nearly vertical as possible. After the 
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trench is excavated, itohall be refilled with loose, highly compressible 
soil material. Straw, hay, cornstalks, leaves, brush, or sawdust may be 
used to fill the lower one-fourth (\4) to one-third (\/g) of the trench in 
order to insure high compressibility of this backfill. After the backfill 
is completed, the balance of the fill shall be constructed by normal 
methods up to the finished grade of embankment. Typical Class B1 
bedding installation is illustrated in Figure 5. 
<;Top of embankment Nl/oW,(,'Tfl',�»A I>/\ l));t9il((ill\))A\ iJldl/41 iil\41>0\\"11\•fiX\hl<\jiJ\\h)(\Qll((V/X! ilA\ hX\)))n;;;h})V 
Natural Ground 
Surface 
3.9.4-Ciass C Bedding 
{whiche.ver is less) 
CLASS B, 
figure 5 
In this class of bedding, the pipe shall be bedded with "ordinary" 
care in a soil foundation shaped to fit the lower part of the pipe exterior 
with reasonable closeness for at least l O  percent of its overall height. 
The remainder of pipe shall be surrounded by material placed by hand 
tools to fill completely all spaces under and adjacent to the pipe. Back 
filling to the top of the pipe shall then be completed as specified under 
"Back filling." A typical Class C bedding is illustrated in Figure 3. 
3.9.5-Ciass Cr Bedding 
The pipe shall first be installed in accordance with Class C bed­
ding. The imperfect ditch method shall then be used as described 
under Class B1 bedding. 
3.9.6-Ciass D Bedding 
In this class of bedding, no special care is required in shaping the 
bed or backfilling except the fill must be in contact ·with the pipe at 
all points and shall be constructed by methods as prescribed for other 
road embankments. 
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3 . 1  0-BACK filliNG 
Fi l l  Over Pipe (feet} 
l'igure 6 
Back filling material in a trench and up to the elevation of the 
top of the pipe shall be selected fine compauible soil materiaL It shall 
be compacted at near optimum moisture content, in layers not exceed· 
ing six (6) inches in compacted thickness, by hand, pneumatic tampers, 
Jr other means approved by the engineer. Care shall be exercised to 
thoroughly compact the back fill under the haunches of the pipe and 
to insure that the back fill soil is in intimate contact with the side of 
the pipe. The hack fill shall be brought up evenly on both sides of the 
pipe for its full length. When the pipe is not installed in a trench, the 
back fill soil shall be compacted for a width on each side of the pipe 
equal to two times its outside diameter, or 1 2  feet, whichever is less. 
Special compaction specified in this paragraph will not be required 
for "D" bedding. Back fill at the sides of the pipe may be compacted 
by rolling or operating heavy equipment longitudinally parallel with 
the culvert, provided care is taken to avoid displacement or ihjury of 
the pipe. All damage to the pipe shall be repaired by the contractor 
at his own expense, at the option of the engineer and to his satisfaction. 
In all back filling operations, care shall be exercised and it shall 
be the contractor's responsibility to see that the pipes are not damaged 
by the lateral forces imposed during compaction of the back fill; 
especially in the case of circular pipe with elliptical reinforcement or 
elliptical pipe with circular reinforcement, it may be necessary to 
install timber struts at the horizontal diameter of the pipe sections, to 
be ]eft in place until the fill over the pipe is completed. 
APPENDIX B 
Kentucky Department of Highways 
Standard Specifications 
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Reinforced Concrete Pipe Culverts 
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Sedion 8 .  CULVERT PIPE 
CLASSIFICATION. PipP covl'n·d by this specification 
shall be n'inforcc'd concrete culvert pipe, bituminous coated 
corrugated metal culvert pipe, bituminous coated corru­
gated metal culvert pipe-arches, vitrified clay culvert pipe, 
and cast iron culvert pipe. 
7 .8.1 REINFORCED CONCRETE PIPE 
A. Description. These specifications cover reinforced 
concrete pipe, circular and elliptical, intended to be used 
for construction of culverts. The pipe shall be designated 
according to the following three classes: Class III, Class IV, 
and Class V, based on D-load strengths. 
B. Requirements. Reinforced ci1·cular or circular rein­
forced cllipti c:J.I c•HKrcte pipe shall conform to the current 
requirements ur the Specification for Rcinsforccd Concrete 
Culvert, Siorm Drain, and Sewer Pipe, ASTM Designation: 
C 76 for 0ach ncspective class and type of pipe specified. 
Bnsis of acceptance may be any of the three methods of 
testing specified in ASTM C 76 as determined by the 
EnginccT. 
Elliptically reinforced elliptical pipe shall conform to 
a l l  n·quin·mL'nts of ASTM C 76 except those provisions 
c:pply·ing p;1rticularly to round pipe or elliptical pipe with 
l'iJ'(·ular reinforcement. 
7.8.:! B!T{:!\IJ"NOCS COATED CORRUGATED 
:\1ETAL PIPE 
A. General. Bituminous coated corrugated metal pipe 
c:hall conform to the following requirements : 
1. Materials. The corrugated metal pipe shall con­
form to the requirements of the Standard Specifications 
for Corrugated Metal Culvert Pipe, A.A.S.H.O. Designa­
tion: M 36. The bituminous material used for coating shall 
be an asphalt of such grade and character that, after being 
applied to the pipe, the coating will comply with the tests 
hereinafter described. 
The inlet and outlet of all pipe fabricated of 16 or 14-
gage sheets shall be reinforced in a manner approved by 
the Engineer. No end finish will be required when head­
walls are used. 
2. Coating. The pipe and connecting bands shall be 
coated uniformly with bituminous material, inside and 
outside, to a minimum thickness of 0.05 inch, measured 
on the crests of the corrugations. Additional bituminous 
material shall then be applied in such a manner that a 
smooth pavement will be formed in the invert (bottom of 
the pipe when installed) filling the corrugations for one­
fourth of the circumference of the pipe. The pavement, 
except where the upper edges intersect the corrugations, 
shall have a minimum thickness of one-eighth inch above 
the crests of the corrugations. 
to 
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Section 11. PIPE CULVERTS 
(Amendment No. 15a) 
Pages 331 through 333 inclusive, delete the entire Section 1 T  ar�d sub­
stitute as follows: 
Section 11. PIPE CULVERTS 
5.ll.l DESCRIPTION 
This work shall consist of furnishing and installing 
pipe culverts in accordance with plans and these specifi­
cations. Pipe culverts shall consist materially of: (1) 
reinforced concrete, (2.) bituminous coated and paved 
corrugated metal, (3) vitrified clay, or (4) cast iron. Vitri­
fied clay and cast iron pipe are to be used only when 
specified on the plans or in the proposals. Pipe culverts 
shall be circular, elliptical, or arch-shaped as indicated 
on the plans, proposals, or in special provisions. All pipe 
culverts shall conform to the dimensions, fabrication, ma­
terial, and strength requirements provided for each type 
and class and shape of pipe. Each culvert shall be bedded 
and back-filled as provided herein and shall conform in 
all respects the line and grade shown on the plans or 
as given by the Engineer. Where specified, concrete anchors 
of the class of concrete and of the dimensions shown on 
plans shall be constructed on pipe culverts. 
The pipe shall be of the type and class named in the 
proposal and mdicated on the plans. Where alternate 
types of pipe are shown, the Bidder shall state in his pro­
posal, the type of pipe he proposes to use for each size 
of pipe called for on the plans or in the proposal. 
5.11.2 MATERIALS 
All culvert pipe used shall conform to the require­
ments for that particular type and class as shown in 
Article 7.8.0. Any section of pipe that is defective, broken, 
or cracked when delivered on the project or when being 
laid, shall be rejected. 
Cement and sand for Mortar shall conform to the 
requirements of Article 7 .LZ and 7 .3.3, respectively. 
5.11.3 CONSTRUCTION 
A. General. No pipe shall be laid until the proposed 
location has been approved and staked by the Engineer. 
Soundings for foundation design shall be taken by the 
Engineer at the inlet and outlet of each culvert and at 
intervals not greater than twenty feet along the grade 
line of the bottom of the pipe, and to depths of 0.50 inch 
per foot of embankment height over the top of the pipe 
or one foot, whichever is greater. The maximum depth 
to which these soundings must be taken is 0.75 He. Where­
ever ledge rock, gravel, hardpan, or other unyielding soil 
is encountered within the limits given, the foundation 
shall be prepared in accordance with Paragraph E., ''Rock 
Foundation." The pipe shall be cambered whenever speci­
fied by the Engineer. Pipe shall never be laid in cuts 
until the rough grading has been completed. The type 
and method of bedding shall be standard except as may 
otherwise be specified on the plans. 
In case a firm foundation is not encountered at the 
grade established by the Engineer, the unstable material 
shall be removed and replaced with suitable material to 
a width and depth and in a manner that will provide a 
uniform and firm foundation. 
In all operations such as placing the pipe, joining, bed­
ding and backfilling, care shall be exercised; and it shall 
be the Contractor's responsibility to see that the pipes 
are not damaged during the unloading or placement on 
the bed, during compaction of the backfill, by the move­
ment of excessively heavy equipment over the fill, or 
by any other forces that may cause damage to the pipe. 
Any pipe culvert which is not in true alignment and 
grade or which shows undue settlement after laying, or is 
otherwise damaged, shall be taken up and replaced without 
extra compensation. 
Backfill construction, as hereinafter specified, shall 
include both the placing and compacting of backfill ma­
terial in excavated trenches and the construction of the 
embankment adjacent to the structure to limits specified 
as necessary to obtain required cover over the structure 
before normal embankment construction is begun. 
B. Standard Bedding-Positive Projection. These pipe 
shall be bedded in accordance with the following require­
ments for Standard Bedding-Positive Projection: 
A uniform foundation and a uniform or cambered grade 
throughout the full length of the culvert site shall be 
tl:l 
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prepared by smoothing and compacting the original ground 
and filling and compacting with a suitable compressive 
soil to an elevation above the bottom of the pipe equal 
to 0.3 of the outside height of the pipe. Any rock en­
countered shall be excavated and replaced with compacted 
soil in accordance with Paragraph E, "Rock Foundation." 
The width of the prepared foundation on each side of the 
pipe shall be equal to twice the outside width of the pipe 
or to 12 feet on each side, whichever is less. The founda­
tion material shall be free of stone retained on a 3-inch 
diameter ring, frozen clods, chunks of highly plastic clay, 
or any other material objectionable to the Engineer. 
Within this prepared foundation, a shallow rectangular 
trench shall be excavated to a width equal to the outside 
width of the pipe plus an additional 0.3 of the width of 
the pipe on each side or 12 inches on each side, whichever 
is greater, and to an elevation above the bottom of the 
pipe equal to 0.15 of its outside height. Within this trench 
and along the established line, a groove shall be excavated 
to conform with �lower contours of the pipe and to a 
depth of at least 0.15 of its over-all height, plus 2' inches, 
and with recesses for any bells or hubs involved. The 
pipe shall then be bedded on a peripheral layer of sand 
2 inches in thickness. Natural sand, crushed stone or slag 
sand, or Size No. 1 1  aggregate may be used for the 2-inch 
sand bedding. Compactible soil, free from any foreign 
matter mentioned above, placed in 6-inch layers, loose 
depth, shall then be rammed and tamped around the pipe 
to 0.3 of its height. The compacted layers shall be brought 
up evenly on both sides of the pipe throughout its entire 
length. 
Backfill shall then be raised to the original ground 
level using selected soil compacted at near optimum mois­
ture content in layers not to exceed 6 inches compacted 
thickness. Tamping shall be by hand tampers, pneumatic 
tampers, or other means as approved by the Engineer. 
Care shall be exercised to thoroughly compact the back­
fill under the haunches of the pipe to insure that the 
backfill is in intimate contact with the sides of the pipe. 
Backfill shall be placed and compacted on each side 
of the pipe to the dimensions and slopes as shown on the 
Standard Drawings and to a height of at least 2 feet 
above the top of the pipe on all installations except for 
those at grade, in which case 1 foot will be allowed to 
subgrade elevation throughout the entire length of the 
pipe. 
The density of the backfill shall be at least equal to 
that required in the adjacent embankment. After back­
filling is complete, the remainder of the embankment may 
be constructed by normal methods to the finished grade 
line as specified in Article 2.5.0, "Enbankment." 
The Contractor, if he so elects, may construct a portion 
of the embankment, prior to installing the pipe culvert, 
to at least 12 inches above the elevation of the top of 
the pipe, excavate the trench, and install the pipe in 
accordance with requirements hereinafter specified for 
"Negative Projection." Payment for structure excavation 
will not be allowed for that portion of the excavated 
trench above the original ground. 
C. Standard Bedding-Negative Projection. All pipe 
laid at a grade wherein the top of the pipe is at least 12 
inches below the original ground level or constructed earth­
fill foundation shall be bedded in accordance with the 
following requirements for Standard Bedding-Negative 
Projection: 
A trench shall be excavated and shall be equal to the 
outside width of the pipe plus 0.3 of the outside width 
of the pipe on each side or 12 inches on each side, which­
ever is greater. Walls of the trench shall be as nearly 
vertical as possible. If rock or other unyielding material 
is encountered, it shall be excavated and the foundation 
prepared as required under Paragraph E, "Rock Founda­
tion." Otherwise, the foundation and lower 0.3 bedding 
of pipe shall be the same as that specified under Para­
graph B. The remaining portion of the trench shall be 
backfilled with selected fine compactible soil. 
Dry, free-flowing Natural Sand, Crushed Limestone 
Size No. 10, or Crushed Slag Size No. 10, lightly compacted, 
will be permitted in lieu of soil as backfill material to the 
top of the pipe, provtded that the remaining portion of 
the trench above the pipe is backfilled with selected fine 
compactible soil. A minimum of 2 feet of backfill shall be 
required above the top of the pipe on all installations 
except for those at grade, in which case 1 foot will be 
allowed to subgrade elevation. If complete backfilling of 
the trench does not cover the pipe to the specified depth 
above the top of the pipe, additional fill shall be placed 
and compacted to tbe dimensions and slopes shown on the 
Standard Drawing and to the elevation required to pro-
"" 
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vide the minimum allowable cover over the pipe. The 
density of the backfill shall be equal to that required 
for the adjacent embankment. 
After backfilling has been completed in accordance 
with the Standard Drawings, the remainder of the embank­
ment may be constructed by normal methods to the 
finished grade as specified in Article 2.5.0, "Embankment." 
D. Bedding-ilJ_-High Fill. Where the required height 
of fill above the top of the pipe exceeds the limits allowed 
by Standard Bedding, pipe shall be bedded in accordance 
with the following requirements for bedding-Bt-High 
Fill: 
The lower 0.3 of the pipe shall be bedded as specified 
under Paragraph B or Paragraph C, depending upon the 
projection of the pipe, but with the following additions: 
( 1 )  The backfill shall extend upward t o  an elevation 
above the top of the pipe equal to the overall 
height of the pipe plus 12· inches as applicable to 
either positive or negative projections; 
(2) A trench equal in width and depth to the overall 
width and height, respectively, of the pipe shall 
be dug into the backfill directly over the pipe 
throughout its full length, with the walls of the 
trench kept as nearly vertical as possible; 
(3) After the excavation of the trench is completed, 
the lower one-third shall be filled with loose 
straw or hay and the remaining portion shall be 
filled with soil, lightly compacted; 
( 4) Immediately following the backfilling of the im­
perfect trench, the remainder of the backfill shall 
be constructed to an elevation of 2 feet above 
the trench. 
All backfilling shall be done as specified in Paragraph B 
and C as applicable to conditions under which the pipe 
is installed. The backfill above the original ground shall 
be constructed of earth to the dimensions and slop�s shown 
on the Standard Drawings and compacted to the density 
required for the adjacent embankment. 
After the backfilling has been completed in accordance 
with the Standard Drawings, the remainder of the em­
bankment may be constructed in accordance with Article 
2.5.0, "Embankment." 
E. Rock Foundation. Ledge rock, gravelly soil, hard­
pa:q., or other unyielding material, when encountered within 
the sounding limits described in Paragraph A, shall be 
excavated as hereinafter specified prior to the preparation 
of the beddings outlined in Paragraphs B, C, or D. 
Any hard or unyielding material shall be excavated 
below the bottom of the pipe to a depth equal to Jh inch 
per foot of fill over the pipe except that the depth shall 
be at least 12 inches but shall never exceed % the height 
of the pipe. The excavated width shall be as .shown on 
the Standard Drawing. The trench shall be refilled and 
compacted to an elevation of 0.15 of the over-all height 
above the bottom of the pipe with selected fine com­
pressible material such as silty loam or silty clay. This 
material shall be firmly compacted and shaped according 
to the requirements of Paragraph B or C. The lower 
0.3 of the pipe shall be bedded within the width of the 
trench but as otherwise specified under Paragraph B. 
Backfill shall be constructed as specified under the ap­
plicable portions of Paragraphs B, C, or D depending upon 
the projection of the pipe and the height of fill, and shall 
be in accordance \Vith the Standard Drawings. The re­
mainder of the embankment shall then be completed in 
accordance with Article 2.5.0, "Embankment." 
F. Concrete, Cast Iron and Clay Pipe. Laying of con­
crete, cast iron, or clay pipe shall begin at the downstream 
end of the eulvert with the bell or groove end laid upgrade 
and with the successive spigot ends fully extended into 
each adjoining hub. The barrel shall be true to the line 
and grade given. 
Elliptical concrete pipe with the circular-reinforcement 
and circular concrete pipe with elliptical reinforcement 
shall be installed in such a position that the manufacturer's 
mark designating the "top" or "bottom" shall not be more 
than 5 degrees from the vertical plane throughout the 
longitudinal axis of the pipe. 
1. .Joints. Joints shall be made with (a) portland 
cement mortar, (b) • portland cement grout, (c) rubber 
gaskets, (d) oakum, (e) bituminous mastic joint sealing 
compound, or (f) a combination of these materials unless 
one type is specified on the plans, except that only one 
type of jointing material shall be used throughout any 
single structure. Joints for cast iron pipe culverts shall be 
made with rubber gaskets or oakum unless otherwise 
specifieally provided. 
a. Mortar Joints. The mixture shall be one part 
portland cement conforming to Article 7.1.2 and two parts 
sand conforming to Article 7.3.3. The quantity of water 
"' 
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in the mixture shall be .sufficient to produce a stiff, work­
able mortar, but shall not exceed 51h gallons of water per 
sack of cement. If ordered by the Engineer or specified 
on the plans, an air-entering portland cement conforming 
to Article 7 .1.4 or an admixture conforming to Article 
7.30.1 shall be used. 
The ends of the pipe shall be thoroughly cleaned and 
wetted with water before joints are made. Stiff mortar shall 
then be placed in the lower half of the bell or groove section 
which has been laid. Mortar shall then be applied to the 
upper half of the spigot or tongue of the pipe being laid. 
The spigot or tongue shall then be inserted in the bell or 
groove of the pipe already laid, the joint being pulled tight, 
with care being taken to see that the inner surfaces of the 
abutting pipe sections are flush and even. After a section of 
pipe is laid, and before the succeeding is laid, the lower 
portion of the hub"' of the preceding section shall be plastered 
thoroughly on the inside with mortar to such a depth as to 
insure a smooth joint between the abutting sections. The 
remainder of the joint shall then be filled flush with mortar. 
The inside of the joint shall then be finished and wiped 
smooth around the full circumference. After the initial set, 
the mortar shall be protected from air and sun with a 
thoroughly wetted earth or burlap cover. 
b. Grout Joints. The grout shall consist of portland 
cement conforming to Article 7.1.2, mixed to a proper con­
sistenc·y with not more than 5 gallons of water per sack of 
cement. Grout shall be poured or pumped into the joint 
space and retained by molds or runners around the pipe in 
a manner acceptable to the Engineer. After the initial set 
of the grout, the molds or runners shall be removed and the 
inside of the joint shall be finished and wiped smooth. Any 
portion of the joint which was not filled with grout during 
the initial pouring or pumping �hall be filled to insure a 
continuous joint throughout the entire circumference of the 
pipe. After initial set, the grout shall be protected from 
the air and sun with a thoroughly wetted earth cover or 
burlap cover. 
c. Rubber Gasket Joints-Tongue and Groove Pipe. The 
rubber gaskets shall be a continuous ring which fits snugly 
in the annular space between the leveled surface of the 
tongue and the groove ends of the pipes to form a flexible 
water-tight seal under all conditions of services. All gaskets 
shall have smooth surfaces free from imperfections, and when 
tested in accordance with the applicable requirements of the 
"Federal Test Method Standards No. 601," shall meet the 
following requirements. 
Tensil strength shall be not less than 2,300 p.s.i 
Elongation at rupture shall be such that 2-inch gauge 
marks will stretch at least 10 inches. 
Hardness shall be between 40 and 65 as measured by 
the Shore Durometer. 
Permanent set shall not exceed 20 per cent of the 
original length. 
d. Oakum Joints-Ben and Spigot Pipe. The bell and 
spigot pipe shall be caulked with oakum and sealed with a 
hot poured joint compound. Oakum shall be made from 
hemp (canabis sativa) lime, or Benares Sunn Fiber, or from 
a combination of these fibers. The oakum shall be thor­
oughly corded and finished and practically free from lumps, 
dirt and extraneous matter. The fibers shall be thoroughly 
impregnated with hot asphalt cement. The sealer shall be 
an approved hot-poured sewer joint compound. 
e. Bituminous Mastic Joints. The bituminous mastic 
joint-sealing material shall be a smooth. uniform mixture of 
bituminous cement, solvent, and mineral filler. The mineral 
filler shall consist essentially of short fiber asbestos. The 
mixture shall be readily applicable by means of a trowel 
or. caulking gun without pulling or drawing, and shall not 
sag or flow when applied to metal, concrete or vitrified clay 
surfaces. 
The compound shall be capable of withstanding freezing 
and shall not exhibit any tendency to separate or otherwise 
deteriorate while in storage. 
When applied to a tinned panel or glass plate, in a layer 
1!16 to :Ys inch thick, ,and cured at room temperature for 
24 hours, the compound shall set to a tough, plastic coating 
and shall not shrink, crack, or loosen from the surface. 
In addition, the material shall meet the following require­
ments: 
Grease Cone Penetration 
(ASTM D 217, Unworked, 150 gm., 
25° C., 5 sec. ) ,  1/10 mm ........... . 
Weight per gal., lbs _ ........ ................ . 
Non-Volatile (10 gm., 
105" C.-110° C., 24 hrs.), pet. 
Ash (by ignition), peL .... _ .. _ ·--.................. . 
Min. 
175 
9.75 
75 
25 
Max. 
250 
45 
"' 
...., 
The bituminous mastic jointing compound shall be applied 
to the ends of the pipe sections on the site immediately prior 
to placement and in the same manner as in the use of mortar 
except that jointing surfaces shall be precoated or primed 
with a paint-coat of emulsified asphalt, SS-1, Article 7.7.6, 
diluted with one part water to one part of the emulsion. 
The primer coat shall be allowed to cure for at least one 
hour before the mastic compound is applied. A slight excess 
of the sealer shall be applied so that when the joints are 
completely meshed, a bead of the sealt,r compound will be 
extruded from the joint on the inside and outside of the pipe. 
The excess material shall then be removed so as to form a 
smooth, flush joint. 
G. Bituminous Coated and Paved Corrugated l\'Ietal 
Pipe. Bituminous coated and paved corrugated metal pipe 
shall be laid true to the established line and grade, and J:n 
such a manner that the outside laps of cil'cumferential joints 
point upstream with no longitudinal joints in the lower 
quadrant. Field joints shall be made by abutting the ends 
of the sections, and by securing with a meta] band of the 
same material firmly bolted in place. Corrugated metal pipe 
and pipe-arches having a paving material shall always be 
placed with the paving along the bottom or flow line. Wil'e 
strutting or vertical elongation of corrugated metal pipe 
shall be in accordance with standard plans. 
H. Extensions to Existing Pipe Culvert..c;;. All pertinent 
requirements in the foregoing paragraphs shall apply to the 
extensions of existing pipe culverts. The extensions shall 
conform to the lines and grades as established and to the 
dimensions shown on the plans. 
The portions of the existing structure designated to be 
removed, shall be removed in such a manner as to provide 
a neat junction with the extension and leave undamaged 
that portion of the existing structure remaining in service. 
Any damage to the portion remaining in service shall be 
repaired by the Contractor at his expense. All silt or other 
debris that may have collected within the barrel of the 
existing structure shall be removed and disposed or by the 
Contractor, the payment for which shall be incidental to 
the work. 
5.11.4 METHOD OF �IEASUREMENT 
The footage to be paid for shall be the actual number of 
linear feet of pipe of the several sizes, types and classes, 
installed in place, complete and accepted. 
5.11.5 BASIS OF PAYMENT 
The footages thus determined shall be paid for at the 
contract unit prices per linear foot of the several sizes, 
shapes, types and classes, which payment shall constitute full 
compensation for furnishing, hauling, installing and back­
filling pipe; and for all materials, labor, equipment, tools 
and incidentals necessary to complete the work; but shall not 
constitute payment for structure excavation. 
Structure excavation shall be paid for as specified in 
Article 2.4.0 for structure excavation for pipe culverts. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
1916 RACE ST., PHILADELPHIA 3, PA. 
Reprlnttd [rom Cop)'rlghlod \000 S"pplem<nt to 
Book o! ASTM 6l�n0atd>. }'Art � 
Tentative Specifications for 
REINFORCED CONCRETE CULVERT, STOR.l\1 DRAIN, 
AND SEWER PIPE1 
• 
ASTM Deaignation: C 7 6 - 6 0 T  
Iss=, 1957; REVIS£!>, 1959, 1%0.' 
Th .. e Tentative Specification• have botn approved by the sponsoring com­
mittee o.nd �ccepted by the Society in �ccordance with Mtablished pre<» 
dur�•, for use pending adoption as standard. Suggostions for revision• 
should be addressed to the Society at 1916 Race St., Phila�elphia 3, h. 
Seope 
1. These specifications cover rein­
forced concrete pipe from 12 to 108 in. 
intended to be used for the conveyance 
of sewage, industrial wastes, and storm 
water, and for the construction of cul­
verts. 
Non: t.�Theze gpecifico.tioru. a•e manufac­
eurlns o.nd purchase speci.ficationa o!lly, and do 
!IOJt includ� requ.iremont:ll for bedding, backJill, or 
1 Under th� ot..,dardi<Ation pracodure of tho 
Bocio>ly, th""" opoeificAtiono are undor the iurir>­
diotio.n of the ASTM Comotitte<> C-13 <m Con­
creta Pipe. 
'L.e.teot reVW:on ,..,.,.,pted by the Society at 
tlu! Aunw.l Mootin�;;:, June. 11160. 
Tb.,.. specificBtion• aro � rovWon !l.lld com­
bin5tion of o.nd ropl""" tho Iormor Speoifie•tiono 
for R<>inlorood S�wor Pip� (C 75- U) o.nd tho 
Sp.,dficationo for Rmnioroed Concrete Culvert 
Pipe (C 76- 55). 
Bpedfioationo C 75 woro publi.hod aa tent.. 
tive from 1930 to 111:>5. l>eilli revised in 11134 
lilld 1935. Th�y wore publiohed as otandud from 
1936 to !957. boins roYiood in lQ41, !952. 1954, 
1955. and !956. 
Prier to their pr=nt publication u t<mt.. 
tivo. theoe Bpecification.o C 76 wore publiobod 
aa tentative from 1930 to 1937, bein&: revioed in 
l9a5 ""'d 1937. They woro puhli.ohod a.o otat�d­
..,..;. from !937 to 1!M7, boinz ,....ised in 19-ll. 
1952, l!JM, l9U. lilld 111611. 
the rdation.hip between tarth cove:r load 1Uld the 
gtrengt.h classification of pipe. However, �ri­
ence has shown that the ouccOGSful pedormanor 
of thb product depud5 in equal o.mountll upon. 
the proper selection of the class of pipe, t}'Pf' of 
bedding and bacltfill, controlled ••nwufacture W 
the r>ln.nt, and oue in the fidd cow;tructicn work. 
The purchaoer of the reinforced concn:tc pipe 
•PeciJi.ed he<oin ia a.utioned that he ml!llt p:top­
e:rly conelatc the Deld <equiremOilt:i with tlu! 
daa:� of pipe •peci.lied and provide adtgua.tc in­
•pcction in the mo.nufaquring pln.nt and a.t tlu! 
OI>Iatructi<>Jl lit •. 
Cluaea 
2. Pipe manufactured according to 
these specifications shall be of five classes 
identified as class I, class II, class III, 
class IV, and class V. The corresponding 
strength <equirements are prescribed in 
Tables I to V. 
:aaijiS of Acceptance 
3. (a) Unless otherwise designated by 
the purchaser at the time of, or before, 
placing an order, three separate and al­
ternate bases of acceptance are per· 
mit ted as follows: 
(1) Acuptanu on Basis of Plant 
Load Bearing Ttsls, Ma�rWl TtsL!, 
SFECIFICATIONS FOR REINFORCED CoNCRETE PIPE (C 76) 
and Inspection of the Complel� Prod­
uct.-Acceptability of the pipe in all 
diameters and classes shall be deter� 
mined by the results of the three­
edge-bearing or sand-bearing testS' for 
either the load to produce an 0.01-in. 
crack or, at the option of the purchaser, 
the load to produce the 0.01-in. crack 
and the ultimate load; by such mate­
rial tests as are required in Sections 
5, 6, and 7 ;  by absorption tests on 
selected samples from the wall of the 
pipe; and by inspection of the finished 
pipe to determine its conformance 
with the design prescribed in these 
specifications and its freedom from 
defects. 
(Z) Acaptance on Basis of Material 
Tests and Inspeclion of the Complete 
Produci.-Acceptability of the pipe 
in all diameters and classes shall be 
determined by the results of such 
material tests as are required in Sec­
tions 5, 6, and 7; by crushing tests on 
concrete cores or cured concrete cylin­
ders; by absorption tests on selected 
samples from the wall of the pipe; and 
by inspection of the finished pipe, in­
cluding amount and placement of rein­
forcement, to determine its conform­
ance with the design prescribed in 
these speci.fi.catioRS and its freedom 
from defects. 
(J) Wben agreed upon by the pur­
chaser and the manufacturer any por­
tion nr any combination of the tests 
itemized in Items (1) and (2) may 
form the basis of acceptance. 
(b) Age for Acceptance.-Pipe shall 
be considered ready for acceptance when 
they conform to the requirements, as 
indicated by the specified tests. 
MATERIALS 
Reinforced Concrete 
4. The reinforced concrete shall con­
sist of portland cement, mineral aggre­
gates, and water, in which steel has been 
embedded in such a manner that the 
steel and the concrete act together. 
Cement 
5. Portland cement shall conform to 
the requirements of the Specifications 
for Portland Cement (ASTM Designa­
tion: C 150)/ or shall be air-entraining 
portland cement confonning to the ;e­
quirements of the Specifications forAir­
Entraining Portland Cement (ASTM 
Designation: C 175),3 or shall be port­
land blast-furnace slag cement conform· 
ing to the requirements of the Specifica­
tions for Portland Blast-Furnace Slag 
Cement (ASTM Designation: C 205).1 
Steel Reinforcement 
6. Reinforcement may consist of wire 
conforming to the Specifications for 
Cold-Drawn Steel Wire for Concrete 
Reinforcement (ASTM Designation: 
A 82),• or of wire fabric conforming to 
the Specifications for Welded Steel Wire 
Fabric for Concrete Reinforcement 
(ASTM Designation: A 185),• or of 
bars of structural or intermediate grade 
conforming to the Specifications for 
Billet-Steel Bars for Concrete Reinforce­
ment (ASTM Designation: A 15).' 
Aggregates 
7. Aggregates shall conform to the 
Specifications for Concrete Aggregates 
(ASTM Designation: C 33),6 except that 
the requirement for gradation shall not 
apply. 
Mixture 
8. The aggregates shall be so sized 
and so graded and proportioned and 
thoroughly mixed in a batch mixer with 
such proportions of cement and water as 
will produce a homogeneous concrete 
mixture of such quality that the pipe will 
conform to the test and design require­
ments of these specifications. Admixtures 
or blends may be used with the approval 
of the consumer. In no case, however, 
shall the proportion of portland cement 
' 1950 Supplement to Book of ASTM Stand-
ards. Part 4. . 
• 1958 Book of ASTM Standards, Part 1. 
' 1959 Supplement to Book of ASTM Star 
o.rda. Part 4. 
0 
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Sn:cmcATlONS !'OB. :b.naOB.CitD CONCU:'m PIPE (C 76) 
in the mixture be less than six U. S. 
standard bags. (94 lb) per cubic yard of 
concrete. 
DESIGN 
Hin!m.um. Deaigna 
of circumferential rehlforcement shall be 
not less than that prescribed for claues 
I to V in Tables I to V, except aa pro­
vided in Section 10. 
Alternate and Specl41 Design 
9. The shell thickness and the amount 10. Manufacturem may submit to 
TABLE I.-DESIGN REQUIREMENTS FOR CLASS I REINFORCED CONCRETE PEPB.o 
NoTm.--B" Section 3 fD"r basio of aceoptance IIP"'cified by the pun:h"""*'· 
The iJttlmgth t.est r&qciramflllb iD pounda per linear loot of pipe undel' tile � 
mathod shall bl! either the D-lDad (test !Do.d e:rp""'""d in pounda per linsufoot per foot of�) ttl produce ,. 11.01-W. crack, Dr the D-Inad1 to produeo the 11.01-in. crack iiDd the ultimata icwf Iiiii specified halo•, multiplied ·hy the Wt..mlll dio.mater of the pipa iD fo.t. 
D-loed 1.0 produce a 11.01-W. crack . .  . • . . . . • •  $00 
D-ioad to produce 1-ho ultimata load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1200 Teat loilda lor ....,d-beariDg teats sh&U !>G OilOI ""d one half time.a tbc.N ;pec!fled lor tho � 
bearing teat. 
The ntinimum compr&>siv@ llt:rflllitb of the ooncrote at the timo of II.OCltptllncll under a..:.tlon 
3(e)(.t) or (S) shaU be "" shown in thiB table 
Minimum R<.inforam.,.t, oq ln. �"'' u�oa:r foot of plpo batta1 
. .., , 
h_, I Con<«« Stronstb, !�00 poi Diamflo.ol l ----,-- --'�----1 Pij><, U.. Ci"ul>r R<io- 1 
Minimum fo«<m<ot In Ellip_ti<a.l Roin
. 
lor«· M" · loro=<pt iOi I EDiptlcal llr.,_ Tbi';k•�"' �- ':����rro���u.JR���tr� Tb'�:Jj' Cir<W..r Pi�>" �:d'Ji .. �R.!i� • ' 1 w.cnt ... :EIIiptitol • . n=, I 1 ....,.,_,;.,..r.ll�J>ti<»l "'· Inner Out<r P!po "'· !<.....- O..IQf Plpo C"ll< Co:e Cop Cap �- -- -- -- -- -- -- ----00.. 5 0.25 0.19 -0 
66.. 6J.tl 0.30 0.22 
72.. II 0.35 0.26 
'1"8.. 6� 0.40 0.30 84..  'T 0.45 0.34 ao.. 'Th! o.-t9 o.as 96.. S O.M 0.40 
0.33 
0.311 '·" '·"''·  
0.00 
Canon"• Str..,sth, 500(1 poi 
102 . . .  '" 
108 . .  
0.63 I 0.48 llnntfr<Ub.r . . l ll.22 
"¥m,,w .1!� 
Inn« 
1}.68 1 11.51 j Circular .. 11.25 
I""' I ElUptio•J. 11.51 
'" 
' 
'" • 
'" 
' 
'" 
" 
u.2l {1.16 
3.2£ 0.19 
0.29 0.22 
0.32 ··� 0.37 '·" 0.41 0.31
0.46 0.36 
o.M I 0.41 
0.61 I 11.46 
'·" '·" 
'·" '·" 
0.41 
0.46 
0.61 
,_, 
Cfr<:l>br . ·I '-'' jPIUII EWptlClll. 0.-11 
lnnor 
Ciroular ··1 0.22 
Pluo 
Elliptical. 0.41!1 
a For • .,. and lo..do beyond tho"" ohown in this tab!�. pipe may he oupplied u..;nll opecial dOIIir;t:t.l 
lnvolvine OP& or mo..., o{ the following: w&!l thickne.,, high strength ooncret;.o., ohu.r reinlor"""'""'· 
iD IIICC<Jrdlllloe •ith the provimonB of Section 10. 
Steel are&� mo.y be interpolated hetw""n thOMl �hown for variatiOM iD dio.m�ter, ioadin;, or wall 
thic:!me&l. Pipe over 96 W. in diameter oha.ll hAve two circult.r c"-K"a or"" inner circular pl.uo ODol 
u.lliptioal cqe of the minimum at-eel area.-� $hown. 
The elliptical ate..! in circular pipe or the oiroulr.r J<teel in ellipti�al pipe mu&t be bald iD plaoe by 
""""'" or holding rodn or duilia or other posiLive mean• throughout Ute ftlltire lfllllt(h or tha pipoo 
and tbroll&hout the ftllt.ire caating operation �nd remain in place until the conerete ha. taken ita 
init-ial aet. 
8oe Sootiou 10 !or provi&iowt for alternate d,...JII . 
TABLE H.-DESIGN REQUIREMENTS FOR CLASS II REINFORCED 
CONCJWTE Plt'E:.a 
NoTll:.-See Section 3 for basis of acccpt�nce specified by the purch.....,r. 
The strength test requirement" in pound• per linear foot of pipe under the thrGe-edge-beariD& 
method �hal! be either the D,lo<ld {te<t load expre.se<l in pounds per linear foot per foot of diameter) 
ro produce n 0.01-in. cr,.ok. or the U-lo<!dS ro pro<luce the 0.01-in. crack and the ultimate load as 
epecified below, multiplied by the internal diameter of the pipe in feet. 
D-losd to produce e O.oJ-in. crack 1000 
D-loed to produce the ultimate load. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1500 
Test loads for send-bearing tests shall be one and one baH times those specified for the three­
edge-bearing test. 
The minimum compres.h·e strength of the concrete at the time of acoept=ce under Section 
:J(a)(J) or (J) ahall be aa shown iD this t�ble. 
�lini"'""' R<��forooment, •q in. per linear foot of pipe b..rrel 
WaUA i W�II B 
l.n«rul Concrete Strengtb. 4000 P•i I Conorete Strength, �000 poi DW:netor of Pipe, iD. Cir<ul�r Rein- I Cirml.ar Rein-MWii' bt:�l::�"'�;�� m��W!'�;�����o�;�� . )!i�i l""' i b�:��l::�"�;�". ,!�in!·�.����OPi:� 
!ThlJ'n ... , ��;�;";�1E1�;;r::r Thk�a"""· 1 fo:����·�¥11�;(;�1 '"· lnn<r Out<r P1pe 10· Inner ; Outer P"1pe 
Coge Cage Cage ' Coge 
--1- -:-�----
12.. Hi 0.07 ' 2 0.07 I 
16. lJ-8 0.07 2}i ' 0.07 
18.. 2 0.10 0.07 2/2 ' 0.07 
21 . . .  2%: 0.12 0.10 2% 0.10 
24.. 2!-5 0.13 0.11 3 0.11 
27..  2% 0.15 0.13 3)4 0.13 
SO..  2% O.IS 0.14 3).2 0.14 
i!: : ;% �:�� O."io �:i! !% �:�; I o.09 �: · :u I g:�f g::� g:�� �H g:i: g:�! 
64. 471! 0.25 0.19 0.28 5)1 0.22 0 . 16 
60. 5 0.30 0.22 0.33 6 0.25 0.19 
66.. 5}5 0.35 0.26 0.39 6}� 0.31 0.23 
72.. 6 0.41 11.311 0.45 7 0.35 0.26 
'1"8 . .  6!� 0.46 11.35 11.51 7)1 0.40 0.30 
84 . . .  7 0.51 11.39 11.67 8 0.46 0.34 
!10. . 7).] 0.57 0.43 0.63 8% 0.51 ' 0.38 
ll-8. 8 0.62 0.47 0.611 9 0.57 1 0.43 
Concret< Stre:.gtb, 0000 poi 
o.m 
0.00 
0.10 
0 . 1 1  
0.12 
0.13 
0.13 
0.17 
... 
..• 
... 
..• 
0.� 
O.M 
0.51 
O.P 
0.� 
102 . .  '" I 0.76 I 0. 6'1" l1"�[rculor . .  •.• i '·" linDer '" 0.51 Ciicular . . l 0.2-11 Plus Pluo 
El�l'tia.l 0.57 El�ptia. l .  0.61 
--- ---
Inner •••• I 0.85 I 0.64 1 Ciroul., . 0.31 " 0.76 0.57 Circular .. 0.27 "" Plu• 1 Elliptirnl O.M Elliptical . 0.07 "'· 
• For aize• �nd loads beyond those shown iD thia table, pipe may be •upplied ueing apecill[ 
-:leeigna Wvolvi�g one or n•ore of the following: wall thickne•a, high strength concrete, ohear reiD· 
forcement, in accordn.nce with the provisions of Section 10. 
Steel areu may be interpobted between those ahown for variations in diameter, loadinra:, or wall 
thicknese. l'ipc over 96 in. in diameter sbn\l have two circular cages or &.11 inner circullu plua one 
allipticnl cage of the minimum steel sreas ahi;�wn. 
Elliptical �teel in ci.rcultir pipe over 60 in. in diemeter or circular oteel in ellipticnl pipe over 60 in. 
in diameter must be held iu place by :neans of holding rods or chairs or other poBitive meo.n• throus;h­
out the entire lcngtb of i11c pipe and throughout th� entire caotinra: OJ.:eration �md remain iD pia' 
until the concrete haa taken its initinl set. 
s..., Section 10 for provioione for alternate deaili[llo. 
SPECD'ICATIONS J'OR REINFORCED CONCU'l'E PIPE (C 76) 
TABLE IU.-DEBIGN REQUIREMFHTS FOR CLABB ·III REINFORCED 
C6NCRETE PIPE.s 
NO"rll.-Bee SeCl<lOn 3 for the basis of acceptance specified by the purchaser. 
The strength telllt requirements in pounds pu lineu foot of pipe under the three-edge-bearing 
methoo;i shall boil either the D-load (teat load expressed in pounds pet' line!>!" loot per loot or di&Dltlter; 
to produce a 0.01-in. crack, or the D-loa.ds to produce the 0.01-in. crack and the ultimate lo'ad aa r&p&cified below, multiplied by the internal diameter or the pipe in feet. 
D-load to produce a 0.01-in. crack . . . . . . . . . . . . . . . . . . . .  , . . . . . . . .  , . . . . . .  1850 
D-load to produce the ultimate load. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2000 
Teat loa.da for sand-buarins: touts shall be one and one half times those specified for the thres­
edse-bearins: teat. 
The minimum compreai.ve lltrength of the concrete at the time of acceptance under Section 
3(e)(S) or (S) shall be as shown in this table. 
MiDim�m� Reillforcement, aq iD.. per linear foot of pip= ba.rrel 
Wal l A  Woi! B Wllll C 
Ccmaete Strength, 4000 p!li Conaete Stn:ngth, 4000 psi Concrete Strength, 4000 pli 
J.o..,.l � � Diameter 11 Circular Circular Circular of Pipe, m. :a Reinforce- EIHptical Re· Reinforce- � ReinfQicc- Elliptical Re-" ]IUUit in infarcement in meat in Elliptical Rein- ment in inforcement � Circular C.:ircula.r Pipe � Circula.r forcement in � Circular in Circu.la.r Pipe a.nd Circular Pipe Circular Pipe and Pipe Pipe and Cir-
�.:! Reinforcement �.:i Circular Reinlor-- §·!i cularRein-•s ( ;a in Elliptical cement in E!lipti --�-- lorccment is •s ( •a c:;! Pipe s m  ... � 1  .. 1::, ElliptiCII  H )i a  0 0 " 0 Pipe .§ i � <l  0 0 " 0 
90. 
06. 
7)il0.8110.61 
8 0.930.701----1 0.90 1 03 872' 10.69.10.52 o. 77 9 t0.76
1
0.57 0.84 
Innu , l!lllef 102 . . . .  1 8}�11.0310.77 C1rcular 0 37 Plu• 931'[0.900.68 Circula.r . . 0.32 
I 
""' . 
ElliptiCIIl 0. 77 ----Inner 11 lOS. I 9 11 22
1
0.91 C1rcula.r 0.4510 
Pt'J�ptiCIIl 0.91 
• See Footnote a under T11.ble II 
� 0.68 
Inner 
l.08
1
0.81 Circular . . 0.391 
I Plu1 Ellipti�;al. 0.81 
� �  �� ;� Ptpe • 0 
9�/o. 59/0. 4E 0.66 
SPECIFICATIONS """ REINFORCED CoNCllETE Pin (C 76) 
TABLE IV.-DESIGN REQUIREMENTS FOR CLASS IV .tt'EINFORCED 
CON.CRETE PIPE.• 
NoTB.-Bee Section 3 for the basis of acceptance specified by the purch11118r, 
The stren1th test requirements in pounds per linear foot of pipe under the three-edce-be&.rilla 
method shall be either the D-load (test load expressed in pounds pe( linear foot per foot of diameter} 
to produce a 0.01-in. crack, or the D-loads to produce the 0.01-in. crack and the ultimate load as 
spoollied below, multiplied by the internal diameter oi the pipe in feet. 
D-load to produce a 0.01-in. crack . . . . . . . .  , . . . . . , . .  .". ,  • . • •  , . . . . . . . . . . .  2000 
D-load to produce the ultimate load. , . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3000 
Test loads lor IJalld-be�g teats sluill be one and one half itimea those specified above for the 
three-eds:e-bearing test. 
The minimum compressive stren&tt}i of the concrete at the time of acceptance under Section 
3(o)(2) or {8) shall be ss shown in thill table. 
Minimum ReinfMcement, IIQ in. per fu1ea.r foot ol pipe barrel 
Wali A WaU B w.uc 
���� Concrete: Stn:na;th, SOOO psi � CoDen:tc: StiCJIItb, 4000 pai ! CoDC:Ute Streqth, 4000 psi 
• etc:r of 
P,ipe, 
� 
Elliptial Ck=O., I RcioiO<�· 
M' , r•ioio•�mooO m<O< io m llll- in Circulu: Circula.r w!li' Pipe P�f:'c!:!� 
Th"'· I Roio!O<�-lueu, •n. ment in Inner I Outer E!lipticlll Cage Cap Pipe 
Mini-m= 
Wall 
Thiel<-
neaa, in. 
Circular 
E1liptical 
Reinforce-
Reinforceme11 t me11t iD 
in Circular Circular 
Pip< Pipe and 
c.rcul&r 
Reinfor.;e-
ment in 
I1111er I Outer Ellil!tical 
CalC CalC Pipe 
I Elliptical Cireulsr Ra.iidarce-M' -- �·R.einfo.rcemeDt �e11t in 1111 in Cm:ular C1r�ulllr 'W� Pipe �Frcu�� Th•c!:'-- Rei�:�lorce-neu. ID. me11t i11 ,_ I Outer EUiptiW 
Cap c..,e Pipe ---------------__ ,___ ,__ , __ , __ ,___ 
12 . . . . 19£ 0.15 . . . 
15 . . . .  1)1i 0.16 . . . 
18 . . . .  2 0.17 . . .  
31 . . . .  2)>( 0.23 . . . 
24 . . . .  2)i 0.29 .. . 
'1:1 . . . .  2)1i 0.33 . . . 
30 . . . .  2% o. . . . 
33 . . .. . . .  . . . 
36 . . . .  . . . . . . . . . 
42 . . . .  . . . . . .  
48 . . . .  . . . . .  . . . . 
54 . . . .  . . . . . . 
6'·· . . f . .  · 1 - - · f . .  · I 66. . . .  . . .  . . .  
72 . . .  . 
78 . .  . .  
84 . • • .  
. . .  
0.15 
0.21 
0.27 
G.31 
0.35 
. . . 
. . . 
. .  . 
. . .  
. . .  
. . .  
. . . 
2 0.09 
2)4 0.12 
2)i 0.15 . . . 0.12 
2%: 0.20 . . . 0.17 
3 0.27 . . .  0.23 
3)>( 0.31 . . . 0.25 
3)i 0.3 0.28 
3% 0.27 0.2G 0.30 
4 0.30 0.22 0.33 
4)i 0.35 0.26 0.39 
6 0.42 0.32 0.47 
., 0.50 0.37 0.55 
C011en:tc: Strensth, 5000 psi I • I '·"I .... ,6J.il 0.69 0.52 
7 0. 791 0.601 
0.66 
0.77 
0.88 
3% 0.071 0.07 
4 0.08 0.07 
:� 0.091 0.07 0.11 0.08 
•%: 0.14
1 
0.10 :n 0.20 0.15 0.26 0.20 0.34 0.26 
6� I o.u1o . .,1 7 0.51 0.39 
0.08 
0.09 
0.10 
0.12 
0.15 
0.22 
0.29 
0.28 
0.46 
0.57 
Concrete Stnto&th, 5000 pai 
7� I 0.61! .... 1 .... 8 0.71 0.53 0.79 8 0.85 0.63 0.94 
• For s� and loads beyond those ahown in the above table, pipe may be rupplied ulling special 
deaian• involving one or more of the following:: wall thickness, hish st.rensth conoret.e, lllhear rein� forMment, in accordance with the provi8ions of Seetion 10. 
t;teel areae may be interpolated between those shown for variations in diuneter, lo&dins, or wall thickllCIIB. 
The elliptica.l steel in cir�ular pipe over 42 in. in diameter or the circull>l' 8teel in elliptical pipo over 42 in. in di.a.meter must be held in place by means of holding: rods or chairs or other poeitive means throug:hout the entire len�h of the pipe and throuibout the entire caBtin£ operation and remain in place until the concrete has taken ite initial eet. 
Beo Section 10 for provioiona for alternate deai.fPUI. 
t:l 
V1 
SPECIFICATIONS FOE. REINFORCED CONCRETE PIPE (C 76) 
TABLE V.-DESIGN REQUIREMENTS FOR CLASS V REINFORCED 
CONCRETE PIPE.• 
Non.-see Section 3 for the baai.s of acceptance specified by the purchaser. 
The otrensth test requirements in. poundo per linear foot of pipe under the tbree-edse-bearin& 
method shall be either the D-load (te�t load e:��:pressed in pounds per linear foot per foot of diameter) 
to produce a O.Ol�in. crack, or the D-loada to produce the 0.01-in. crack and the ultimata load u 
specified below, multiplied by the internal diameter of the pipe in feet. 
D-load to produce a 0.01-in. crack . . . . • . . . . . . . . . . . . .  , • . . . . . . . . . . . . . . . .  _3000 
D-load to produce the ultimate load . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3750 
Test lmtrls for saud-bearing tests shall be one and one half times those specified o.hove !or the 
three-ed&e-be:l.ring test. 
The m11nmum compressive strength of. the concrete at the time of acceptance under Sedion 
3(a)(l!l) or (S) shall be as shown in this ta.ble 
Miuimum Reinforco:meDt, zq ill. per lina.r fQOt of pipe barrel 
Interu.l 
Diameter 
of Pipe, in. 
12 . . . . . . . . .  
15 . . . . . . . .  
18 . . . .  : . . . . 
21. . . . . • . . .  
24 .  
27 . . . . . . . . .  
30. . . . . . 
33. 
36 . • . . . . . .  
42. · · · · • · · ·  
48 . . . . . . • . .  
64 . . . . . . .  
60. 
66 . . • . . .  
72 . . . . . . .  
Wall B 
Concrete Stungth, 6000 poi 
Circular Reinforce· �l!iptical 
Millimum lmcnt ill Circul.a.r Pipe R�lnf�rcement Wall 111 _Cucuhr 
IThid�.11eSS . P1pc and. 
in • I Cucular Rel!l" ' l.llncr Outer lorrement in 
2 
2�:1: 2)> 
2%; 
3 
Mi 
3)> 
3%, 
4 
4)> 
5 
. . .  
Cage Cage Elliptical Pipe. 
0.11  
0.18 
0.26 
0.34 
0.�8 
0.38 
0.41 
0.46 
0.50 
0.60 
0.73 
I 
0.28 
0.31 
0.35 
0.38 
0.45 
0.55 
. . . 
. . . 
0.22 
0.30 
0.39 
0.42 
0.46 
0.51 
0.56 
0.67 
0.81 
w.uc 
Concrete St.r=gth, 6000 pili 
Circular Reinforce· 
Minimum I ment ill Circular Pipe Wall Thi�l:.ness, , m. 
I 3�i 4 :� 
4.% 
·� 5 •
6!;!: 
6%; 
'll •  
Inner I o" .. Cage Ca.ge 
0. 12 0.09 
0.14 0.11 
0.18 0.14 
0.23 0.17 
0.27 0.20 
0.36 0.27 
0.47 0.35 
0.58 0.43 
0.70 0.53 
0.84 0.63 
0.99 0.74 
Elliptical 
ReinfGrco:ment 
ill Circular 
Pipe and· 
Cirl;lllu Reill.­
fora:ment in 
Elliptical Pipe 
0.13 
0.16 
0.20 
o.� 
0.30 
.... 
0.&2 
o ... 
0.78 
0.93 
1.10 
.. For s�es and loads beyond those ahown in the above table, pipe may be supplied using speci&l 
deaign� involving one or more of the following: wall thickness, high strena:th concrete, l:lhear rein­
forcement, in accordance with the provisions of Section 10. 
Steel areas may be int-erpolated between those ahown for variatioWI in diameter, loading, or wall 
thickness. 
Elliptical steel in circular pipe or circular steel in elliptical pipe must be held in place by m.e�m.�� 
of holding rods or chairs or other positive means throughout the entire length of the pipe and throush­
out the entice casting operation nncl remain io place until the concrete has taken its initial lSBt. 
See Section 10 for provisionu Ior alternate designs. 
the purchaser, for approval prior to 
manufacture, designs other than those in 
classes I to V. Such pipe must meet all of 
the tests and performance requirements 
specified by the purchaser in accordance 
with Section 3. 
Placing Reinforcement 
11. (a) Where one line of circular 
reinforcement is used, it shall be placed 
from 35 to 50 per cent of the shell thick­
ness from the inner surface of the pipe 
except that for wall thicknesses less than 
2} in., the nominal protective cover of the 
concrete over the circumferential rein­
forcement in the barrel of the pipe shall 
be ! in. In circular pipe having two lines 
of circular reinforcem:>:nt, each line shall 
be so placed that the nominal protective 
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c;-overing of concrete over the circum­
ferential reinforcement i n  the barrd oi 
the pipe shall be 1 in'. rn cirndar pipe 
having elliptical reiniorvenwnt, and in 
elliptical pipe having- circular reinforce­
ment with wall thickne��e� 1� in. or o\·l·r, 
the reinfqrn:ml'llt in the harrd of the pipe 
shall be so placed tbat the nominal mn:r­
ing of concrete over 1l1c circumferential 
reinforcement alon� the vert ira\ diame­
ter of the pipC shall be 1 in. from the in­
side surface of the pipe, and the nomina\ 
protccli\'e coHring of concrete over the 
circumferential reinforcement along the 
horizontal diameter of the pipe shall be 
1 in. from the outside surface of the pipe. 
In all pipe J6 in. or more in diameter, the 
bell or the spigot of the joint shall contain 
circumferential reinforcement equal in 
area to that of a single line within the 
ba:rrel of the pipe. The nominal location 
of the reinforcement shall be subject, 
however, to the permissible Yariations i n  
dimensions giYcn i n  Section 2.5. 
(b) A line of circumferential reinforce­
ment of any given total area may be con­
sidered as being composed of two layers 
if the layers are not separated by more 
than the thickness of one longitudinal 
pl�s l in. The two layers shall be tied to­
gether to form a single rig-id cage. All 
other specification requirements such as 
laps, welds, and tolerances of placement 
in the wall of the pipe, etc., shall apply to 
this method of fabricating a line of rein­
forcement. 
Longitudinals 
12. Each line of circumferential rein� 
forcement shall be assembled into a cage 
which shall contain sufficient longitudinal 
bars or members, extending through the 
barrel of the pipe, to maintain the rein­
forcement rigidly in shape and correct 
position within the form. The exposure 
of the ends of stjrrups or spacers that 
have been used to position the cages 
during the placement of the concrete 
shall not be a cause for rejection. 
Laps, Welds, and Spacing 
13. If the splices are not welded, the 
reinforcement shall be lapped not less 
than 20 diameters for deformed bars, 
antl -1:0 diameters for plain bars and cold­
drawn wire. The spacing center to center 
of adjacent rings of circumferential rein­
forcement in a cage shall not exceed 4 in. 
for pipe up to and including pipe having 
a 4-in. wall thickness nor exceed the wall 
thickness for larger pipe, and shall in no 
case exceed 6 in. The continuity of the 
circumferential reinforcing steel shall not 
be destroyed during the manufacture of 
the pipe. 
Joints 
14. The ends of reinforced concrete 
pipe sections shall be so formed that 
when the pipe are laid together they will 
make a continuous and uniform line of 
pipe, compatible with the tolerances 
given in Section 25 (a) .. The joints shall 
be of such design as will permit effective 
jointing to reduce leakage and infiltration 
to a satisfactory minimum and to permit 
placement without appreciable irregu­
larities in the .flow line. 
Elliptical Pipe 
15. Elliptical pipe, within the meaning 
of these specifications, shall be pipe hav­
ing a vertical diameter longer than the 
horizontal diameter by an amount ap­
proximately equal to the wall thickness 
of the pipe. Elliptical pipe shall meet the 
same type of tests as are required of 
circular pipe. The wall thickness, hori­
zontal diameter, vertical diameter, and 
placement of reinforcement shall meet 
the tolerances as given in Section 25. 
The diameter relationship between ellip­
tical and circular pipe .::. -U be as pre­
scribed in Section 24. 
MANUFACTURE 
Placeme11.t of Concrete 
16. The transporting and placement 
of concrete shall be by methods that will 
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prevent the segregation of_ the concrete 
materials and the displacement of the 
reinforcement steel from its proper posi· 
tion in tPe form. 
Curing 
17. Pipe shall be subjected to any one 
of the methods of curing described in 
Paragraphs (a) to (d), or to any other 
method or combination of methods aJr 
proved by the purchaser, that will give 
satisfactory r�sults. The pipe shall be 
cured for a sufficient length of time so 
that the concrete will develop the speci· 
.lied compressive strength at 28 days or 
less. 
(a) Steam Curing.-Pipe may be 
placed in a curing chamber, free from 
outside drafts, and cured in a moist at· 
mosphere maintained by the injection 
of steam fOr such time and such tempera­
ture as may be needed to enable the pipe 
to meet the strength requirements. The 
curing chamber shall be so constructed 
as to allow full circulation of steam 
around the entire pipe. 
(b) WaterCuring.-concrete pipe may 
be water.cured' by covering with water 
saturated material or by a system of 
perforated pipes, mechanical sprinklers, 
porous hose, or by any other approved 
method that will keep the pipe moist 
during the specified curing period. 
(c) The manufacturer may, at his op­
tion, combine the methods described in 
Paragraphs (a) and (b) as long as the 
required concrete compressive strength 
is attained. 
(d) A sealing membrane conforming 
to the requirements of the Specifications 
for Liquid Membrane�Forming Com­
pounds for Curing Concrete (ASTM 
Designation: C 309)6 may be applied and 
should be left intact until the required 
strength requirements are met. The con· 
crete at the time of application shall be 
within 10 F of the atmospheric tempera· 
6 l!l58 Book of ASTM Standards, Part 4. 
ture. All surfaces shall be kept moist 
prior to the application of the cOmpounds 
and shall be damp when the compound 
is applied. 
Lift Holes 
18. When agreed upon by the pur� 
chaser and the manufactUrer, not more 
than two holes shall be cast or drilled in 
the shell of each piece of pipe for the 
purpose of handling and laying. 
PHYSICAL TEsT REQtJIREMENTS 
Test Specimens 
19. The specified number of pipe re­
quired for the tests prescribed in Sections 
20 to 23 shall be furnished without charge 
by the manufacturer and shall be selected 
at random by the purchaser, and shall 
be pipe that would not otherwise be re­
jected under these specifications. The 
selection shall be made at the point or 
points designated by the purchaser when 
placing the order. The test specimens 
shall be surface-dry when tested and 
shall not have been exposed to a tem­
perature below 40 F for the 24 hr im­
mediately preceding the test. 
External Load Crushing Strength Test 
Requirements 
20. (a) The load to produce anO.Ol·in. 
crack or the ultimate load, as determined 
by either the three-edge·bearing method 
or the sand-bearing method as described 
in Sections 31 through 33, shall be not 
less than that prescribed in Tables I to 
V for each respective class of pipe. The 
ultimate load is reached when .the ·pipe 
will sustain no greater load. The 0.01-in. 
crack load is the maximum load applied 
to the pipe before a crack having a width 
of 0.01 in., measured at close intervals, 
occurs throughout a length of 1 ft or 
more. The crack shall be considered 
0.01 in. in width when the point of the 
measuring gage will, without forcing, 
penetrate it -h in. at close intervals 
throughout the specified distance of 1 ft. 
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The width of crack shall be measured 
by means of a gage made from a leaf 
0.01 in. in thickness (as in a set of stand­
ard rrtachinist's gages), ground to a 
point -h in. in width, with corners 
rounded, and a taper of i in. per inch, 
as illustrated in Fig. 1. Pipe that have 
been tested only to the formation of a 
0.01·in. crack and that meet the 0.01-in. 
test load requirements shall be accepted 
for use. 
(b) Retests of Pipe Not Meeting the 
External Load Crushing Strength Test 
Requirements._:_Pipe shall be considered 
as meeting the strength test requirements 
when all test specimens conform to the 
test requirements. Should any of the 
test specimens fail to meet the test re� CI>{penn,h-...._ � '  
� '­-""A-
i 
QO!"in Thickness/ 
FlG. 1.-Gage Leaf for Measuring Cracks. 
quirements, tb'e manufacturer shall be 
allowed a retest on two additional speci· 
mens for each specimen that failed, and 
the pipe shall be acceptable only when 
all of the retest specimens meet the 
strength requirements. 
Concrete .;I' est Requirements 
21. (a) Compression Tests.-Compreg.. 
sian tests for satisfying the minimum 
specified concrete strength requirement 
may be made on either standard rodded 
concrete cylinders or cylinders com· 
pacted and cured in like manner as the 
pipe, or on cores drilled from the wall of 
the pipe. If cylinders are tested, they 
shall be tested in accordance with 
the Method of Test Jor Compressive 
Strength of Molded Concrete Cylinders 
(ASTM Designation: C39).6 The average 
compressive strength of all cylinders 
tested shall be equal to or greater than 
the specified design strength of the co. 
crete. Not more than 10 per cent of th 
cylinders tested shall fall below th 
specified design strength. In no case shal 
any cylinder tested fall below 80 pe 
cent of th� specified design strength. I 
cores are drilled from the barrel of th( 
pipe and tested, they shall have a diam 
eter not less than 3t in. They shall be 
secured, prepared for testing, and testec 
by methods prescribed in the Method! 
of Securing, Preparing, and Testin@ 
Specimens from Hardened Concrete f01 
Compressive and Flexural Strength� 
(ASTM Designation: C 42).7 The com· 
pressive strength of each core tested 
shall be equal to or greater than the 
design strength of the concrete. If a core 
does not meet the required strength, 
another core from the same pipe may be 
tested. If this core does not meet the 
required strength, that pipe shall be 
rejected. Additional tests shall be made 
on other pipe to determine the accepta­
bility of the lot. \\Then the cores cut from 
a section of pipe successfully meet the 
strength test requirement, the core·holes 
shall be plugged and sealed by the man. 
ufacturer in a manner such that the 
pipe section will meet all of the test 
requirements of these specifications. Pipe 
sections, so sealed shall be considered as 
satisfactory for use. 
(b) Absorption Test Requirements of 
Concrete.-Tbe absorption of a sample 
from the wall of the pipe, as determined 
in Section 34, shall not exceed 8 per cent 
of the dry weight. Pipe shall be con. 
sidered as conforming to these specifica­
tions for absorption when not less than 
80 per cent of the number of specimens 
tested, including any retested, conform 
to the test requirements. When the initial 
absorption specimen from a pipe fails to 
conform to these specifications, the ab-
7 I95!l Supph�mcnt to Rook of AST).I Stand­
ards," Part 4. 
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sorption test shall be made on another 
specimen from the same pipe and the 
results of the retest shall be substituted 
for the original test results. 
(c) Retests of Pipe Not Meeting the 
Comrele Test Requirements.�When not 
more than 20 per cent of the concrete 
test specimens fail to pass the require­
ments of the specification, the manu­
facturer may cull his stock and may 
eliminate whatever quantity of pipe he 
4esires and must so mark those pipe 
that they will not be shipped. The re­
quired tests shall b!! made on the balance 
of the order and the pipe shall be ac­
cepted if they conform to the test re­
quirements. 
Number and Type of Test Required for 
Various Delivery Schedules 
22. (a) Preliminary Tests for Extmded 
Deli'lltf'Y Schedules.�A purchaser of pipe, 
whose needs require shipments at inter­
vals over extended periods of time, shall 
be entitled to such tests, preliminary to 
delivery of pipe, -as are required by the 
type of basis of acceptance specified by 
the purchaser in Section 3, of not more 
than three sections of pipe covering 
each size in which he is interested. 
(b) Additional Tests far Extended De­
li'DeYY Schedules.-After the preliminary 
tests described in Paragraph (a), a pur­
chaser shaH be entitled to additional 
tests in such numbers and at such times 
as. he may deem necessary, provided that 
the total number of pipe tested shall 
not exceed 1 per cent of the pipe de­
livered. 
(c) Tests for Occasional Ordus.�A 
purchaser who places occasional orders 
shall be entitled to test a number of pipe 
not to exceed 2 per cent of an order, and 
not to exce.:d five pieces of any one size; 
otherwise the number of pipe desired for 
testing shall be included in the order. 
Test Equipment 
23. Every manufacturer furnishing 
pipe under these specifications shall 
furnish all facilities and personnel neces­
sary to carry out the tests described in 
Sections 31 to 34. 
SlZES AND PERMISSIBLE VARIATIONS 
Standard Sizes 
24. Pipe of the internal diameters 
listed in Tables I to V shall be the stand­
ard sizes for culvert, storm drain, and 
sewer pipe construction. In elliptical 
pipe, the inside diameter at the minor 
axis of the pipe shall be equal to the 
diameter of the corresponding size of 
circular pipe. 
Permissible Variations in Dimensiona 
25. (a) The internal diameter of 12-
to 24-in. pipe shall not vary more than 
± 1.5 per cent from the nominal diam­
eter. The internal diameter of 27- to 
108-in. pipe shall not vary more than 
±1 per cent or f in., whichever is greater, 
from the nominal diameter. The wall 
thickness shall not be less than that 
shown in the design by more than 5 per 
cent or --(� in., whichever is the greater. 
A wall thickness more than that required 
in the design shall not be a cause for re­
jection. 
(b) Permissible Variations in the Posi­
tion of the Reinforcement.�For pipe 
with a 4-in. wall or less, the maximum 
variation in the position of the rein­
forcement shall be ± 10 per cent of the 
wall or ±l in., whichever is the greater. 
For pipe with a wall thickness .greater 
than 4 in., the maximum variation shall 
be ±10 per cent of the wall or ±i in., 
whichever is the lesser. In no case, how­
ever, shall the cover over the circum­
ferential reinforcement be less than ! in. 
for wall thicknesses less than 2! in., or 
less than ! in. for wall thicknesses 2! in 
or greater. 
(c) Where single cage circular rein­
forcement is used in either circular pipe 
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or elliptical pipe and for all elliptical cage 
reinforcement, a steel area that is not 
less than 97 per cent of that area shown 
in Tables I to JJ. will be considered as 
meeting the required steel area. Where 
two circular cage reinforcements (one 
inner and one outer cage) are used, again 
referring to Tables I to V, the inner cage 
steel area may vary to the lower limit of 
being not less than 85 per ce1;1t of the 
same design elliptical steel area; and the 
outer cage steel area may vary to the 
lower limit of being not less than 64 per 
cent of the same design elliptical steel 
area, .provided that in no case shall the 
total steel area of the inner cage plus the 
outer cage be less than !'53 per cent of 
the same design elliptical steel area. 
(d) Variations in laying lengths of 
two opposite sides of pipe shall not be 
more than i- in. per foot of diameter, 
with a maximum of -1 in. in any length 
of pipe, except where beveled end pipe 
for laying on curves is specified by the 
purchaser. 
(111) The underrun in length of a section 
of pipe shall not be more than l- in. per 
foot with a maximum of ! in. in any 
length of pipe.· 
FINISH 
-
26. Pipe shall be substantiallY free 
of fractures, large or deep cracks, and 
surface roughness. The ends of the pipe 
shall be normal to the walls and center 
line of the pipe, within the limits of 
variations given in Section 25. 
MARKING 
Mor-
27. The following information shall be 
clearly marked on each section of pipe: 
(a) The pipe class, 
{b) The date of manufacture, and 
(c) The name or trade-mark of the 
manufacturer. 
{d) One end of each section of pipe 
with elliptical reinforcement Bball be 
clearly marked, during the process of 
manufacturing or immediately there­
after, on the inside and the outside of 
opposite walls along the minor axes of 
the elliptical reinforcing. Marking� ahall 
be indented on the pipe section or 
painted thereon with waterproof paint. 
INSPECTION AND REJECTION 
b>speetlon 
28. The quality of materials, the proc,. 
ess of manufacture, and the finished pipe 
shall be subject to inspection and ap­
proval by an ·inspector employed by the 
purchaser. 
Rejection 
29. Pipe shall be subject to rejection 
on account of failure to conform to any 
of the specification requirements. Indi· 
vidual sections of pipe may be rejected 
because of any of the following: 
(a) Fractures or cracks passing 
.through the shell, except for a single 
end crack that does not exceed the depth 
of the joint. 
(b) Defects that indicate imperfect 
proportioning, mixing, and molding. 
(c) Surface defects indicating honey­
combed or open texture. 
(d) Damaged ends, where such dam­
age would prevent making a satisfactory 
joint. 
REPAI>S 
Repairs 
30. Pipe may be repaired, if necessary, 
because of occasional imperfections in 
manufacture or accidental injury during 
handling and will be acceptable if, in the 
opinion of the purchaser, the repairs are 
sound and properly finished and cured 
and the repaired pipe conforms to the 
requirements of these specifications. 
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TEST METHODS 
External Load Crushing Strength Tests 
Apparatus 
31. (a) In making the test, any me­
chanical or band-power device may be 
11sed in which the head that applies the 
1•J d moves at such a speed as to increase 
the load at a uniform rate of approxi­
mately 2000 lb per linear foot of pipe per 
minute. 
(b) It is necessary that the testing 
machine used for the strength tests shall 
produce a uniform deflet:tion throughout 
the full length of the pipe. The tesling 
machine shall be substantial and rigid 
throughout, so that the distribution of 
the load will not be affected appreciably 
by the deformation or yielding of any 
part. 
Three-Edge-Bearing Method 
32. (a) When the three-edge-bearing 
method is used (see Figs. 2 and 3), the 
ends of each specimen of pipe shall be 
accurately marked in halves of the cir­
cumference prior to the test. The lower 
bearings shall consist of two wooden 
strips with vertical sides ha,.ing their 
interior top corners rounded tv a radius 
of approximately ! in. The strips shall 
be straight and shali be se<:urely fastened 
to a rigid base._ The interior vertical 
sides of the strips shall be parallel and 
spaced a distance apart of not more than 
1 in. per foot of pipe diameter, but in 
no case less than 1 in. If requested by 
the manufacturer or the purchaser prior 
to the test, before the pipe is placed, a 
fillet of plaster of Paris and sand thick 
enough to compensate for the inequalities 
of the pipe barrel, but not e;<:ceeding 1 in. 
in thickness, shall be cast on the surface 
of the lower bearings. The upper bearing 
shall be a rigid wooden block, free of 
knots, and straight and true from end to 
end. The load shall be applied to this 
block through a metal beam of such 
dimensions that it will transmit the full 
load without appreciable deflection. A 
fillet of plaster of Paris, not el:ceeding 1 
in. in thickness, may also be cast along 
the length of the crown of the pipe to 
equalize the bearings. The upper bearing 
shall be brought in contact while the 
plaster of Paris is still somewhat plastic. 
The upper and lower bearings shall ex­
tend the full length of the pipe exclusive 
of the bell. The pipe shall be placed 
symmetrically between the two bearings 
as illustrated in Figs. 2 and 3. In testing 
pipe that is "out of line," the lines of 
the bearings chosen shall be from those 
that appear to give the most favorable 
conditions for fair test. 
(b) If mutually agreed upon by the 
manufacturer or other seller and the 
purchaser, hard rubber blocks or _sand­
filled high-pressure hose may be used in 
lieu of wooden beariugs as prescribed in 
Paragraph (a). 
When hard rubber blocks are used for 
bearings, they shall be cut from material 
having a durometer hardness of not less 
'than 45 nor more than. 60. They shall be 
rectangular in cross-section, and shall 
have a width of 2 in. and a thickness of 
not less than 1 in. nor more than 1� in. 
Two hard rubber blocks shall be secured 
to a rigid wooden block at least 6 by 6 
in. in cross-section, in such a manner 
that their interior vertical sides shall be 
parallel and spaced a distance apart of 
not more than 1 in. per foot of pipe 
diameter but in no case less than 1 in. 
A similar hard rubber block -sha!l be 
secured to the upper bearing, which shall 
be a rigid wooden block at least 6 by 6 
in. in cross--section, straight and true 
from end to end. 
When sand-filled hose are used for 
bearings, they shall be made from heavy 
canvas duck or woven doth hose such 
as is commonly used for fire hose. They 
shall be such that, when filled with 
tightly packed dry _sand (all of whirh 
t:l 
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will pass a No. 6 (3360-micron) sieve 
conforming to. the Specifications for 
Sieves for Testing Purposes (ASTM 
Designation: E ll)B) they will have an 
Bedding of Barrel. 
1-( . •  fLr-· I 
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a rigid block at least 6 by 6 in. in cross.­
section in such a manner that their 
interior sides shall be parallel and spaced 
a distance apart of not more than 1 in. 
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FIG. 4.-Sand Bearings. 
outside diameter of not less than 2 in. 
nor· more than 2! in. The ends of each 
hose shall be tightly stitched with belt 
lacing to prevent any sand fr�m escaping. 
Two sand-filled hose shall be secured to 
a Appears in this publication. see Contents 
in Numeric Sequence of AST)-1 Designations at 
front of book. 
per foot of pipe diameter, but in no 
case less than 1 in. A similar sand-filled 
hose shall be secured to the upper bear­
ing, which shall be a rigid wooden block 
at least 6 by 6 in. in cross-section, 
straight and true from end to end. The 
sand-filled hose shall not extend more 
than 3 in. beyond the barrel of the pipe. 
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NOTE 2.-A satisfactory method for securing 
either the hard rubber blocks or sand-filled hose 
to the upper and lower rigid block is by cutting 
grooves in one face. The depth of the grooves 
lha.IJ be not greater than half the thickness of the 
hard rubber block or the outside diameter of the 
hose. The width shall be such that eacb block or 
hose will fit snugly. 
(c) The load shall be applied contin­
uously until the required strength of the 
pipe specified in Tables I to V is 
reached. The load per linear foot of pipe 
shall be calculated by dividing the total 
recorded load by the laying length. The 
pipe shall not be allowed to stand under 
load longer than is required to apply the 
�� ;::::'  
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FIG. 5.-Sand Bearings. 
load and to observe and record it. The 
pipe shall be surface-dry when tested. 
Sand-Bearing Method 
.33. (a) When the sand-bearing method 
is used (see Figs. 4 and 5), the ends of 
each specimen of pipe shall be accurately 
marked in quarters of the circumference 
prior to the test. Specimens shall be 
carefully bedded in sand, above and 
below, for one fourth the circumference 
of the pipe measured on the middle line 
of the barreL The depth of bedding 
above and below the pipe at the thinnest 
points shall be one half the radius of the 
middle line of the barreL 
(b) The sand used shall be clean and 
shall contain not less than 5 per cent of 
moisture, and shall be such as will pa!:>l> 
a No. 4 (4760-micron) sieve. The sand in 
the lower bearing shall be loose when 
the pipe is placed. 
(c) The top bearing frame shall not 
be allowed to come in contact with the 
pipe nor with the top bearing plate. The 
upper surface of the sand in the top 
bearing shall be struck off level with a 
straightedge, and shall be covered with 
a rigid top bearing plate, the lower sur­
face of which is a true plane, made of 
heavy timbers or other rigid material 
capable of distributing the test load 
uniformly without appreciable bending. 
The test load shall be applied at the 
exact center of this top bearing plate, or 
in such manner as to produce uniform 
deflection throughout the full length of 
the pipe. For this purpose a spherical 
bearing is preferred, but two rollers at 
r�ht angles may be used. 
(d) The test may be made withQut the 
use of a testing machine, by piling 
weights directly on a platform resting 
on the top bearing plate; provided, how� 
ever, that the weights shall be piled 
symmetrically about a vertical line 
through the center of the pipe, and that 
the platform shall not be allowed to 
touch the top bearing frame. 
(e) The frames of the top and bottom 
bearings shall be made of timbers so 
heavy as to avoid appreciable bending 
by the side pressure of the sand. The 
interior surfaces of the frames shall be 
dressed. No frame shall come in contact 
with the pipe during the test. A. strip of 
cloth may be attached, if desired, to the 
inside of the upper frame on each side, 
along the lower edge, to prevent the 
escape of sand between the frame and the 
pipe. 
(f) The load shall be applied contin� 
uously until the required strength of the 
pipe specified in Tables I to V is 
reached. The load per linear foot of pipe 
shall be calculated by dividing the total 
0 
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recorded load by the laying length. The 
pipe shall not be allowed to stand under 
load longer than is required to apply the 
load and to observe and record it. The 
pipe shall be surface-dry when tested. 
Absorption Tgst 
Absorption Test 
34. (a) Test Specimens.-The number 
nf absorption test specimens shail be 
equal to the number of pipe provided for 
testing; The specimens shall be obtained 
from pipe that are acceptable as to 
strength, and shaH be taken from pipe 
used in making the strength test after 
that test is made. The specimens shall 
be marked with the number or identifica­
tion mark of t:pe pipe from which they 
were taken. Each specimen shall have 
an area of 16 to 24 sq in., as measured 
on one surface of the pipe, and a thick­
ness equal to the fuH depth of the pipe 
shell, and shall be free from visible 
cracks. 
(b) Drying Specimens.-Specimens 
shall be dried in a ventilated oven at a 
temperature of 221 to .239 F (105 to 
115 C) until two successive weighings at 
intervals of not less than 2 hr show an 
increment of loss not greater than 0.1 
per cent of the original weigb.t of the 
specimen. 
(c) Immersion and Reweighing.-The 
dried specirne!ls shall be phced in a 
suitable receptacle, and covered with 
clean water. This shall be distilled water 
or rain water, except that tap water may 
be used if it is known that suCh use will 
not affect the test results. The water 
shall be heated to boiling, boiled con­
tinuously for 5 hr, and then allowed to 
cool by natural loss of heat for not less 
than 16 hr. When cool, the specimens 
shall be removed from the water and 
ai 1 owed to drain for not more than 1 
min. The superficial water shall then be 
removed by absorbent doth or paper and 
the specimens weighed immediately. 
(d) Weighing Apparatus.-The bal­
ance used shall be sensitive to 0.5 g 
when loaded with 1- kg, and weighings 
shall be read at least to the nearest 
gram. When other than metric weights 
are used, the same degree of accuracv 
shall be obtained. 
(e) Calculations and Report.-The il' 
crease in weight of the boiled specimen 
over its dry weight shall be taken as the 
absorption of the specimen, and shall be 
expressed as a percentage of the dry 
weight. The results shall be reported 
separately for each specimen. 
1 - 3 
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Table 8. Summa!r of Flex ural Strengths of Concrete Beams 
Flex ural 
Cylinder D ate D ate Age Strength 
No. Made Broken (Days) ( Third� Point 
Loa din 
� ps1 
A-2 1 1-1 0-6 0 12-9-6 0 29 1 02 0  
A-3 11-1 0-6 0 5-26-61 197 1 000 
A-4 11-10-60 5-26-61 197 1 520 
B-2 11-10-6 0  12-9-60 29 920 
B-3 1 1 - 1 0-60 5-26-61 197 126 0 
B-4 11-1 0-60 5-26-61 197 1 500 
C-2 1 1-10-6 0 12-9-6 0 29 1 02 0  
C-3 1 1-1 0-6 0 5-26-61 197 1360 
C-4 1 1-1 0-6 0 5-26-61 197 1520 
D-2 11-1 0-60 12-9-60 29 1 2 00 
D-3 11-1 0-6 0 5-26-61 197 1 480 
0-4 11-10-60 5-26-61 197 1540 
E-2 11-1 0-6 0 12-21-60 42 1160 
E-3 11-10-60 5-26-61 197 1380 
E-4 11-10-60 5-26-61 197 1400 
F-2 11-9-60 12-9-60 3 0  1000 
F-3 11-9-60 7-21-61 254 1 46 0  
F-4 11-9-60 7-21-61 254 1300 
G-1 11-1 4-6 0 12-9-6 0 2 5  1 000 
G-2 11-14-60 5-26-61 193 1 480 
G-3 11-14-60 5-26-61 193 1320 
11-1 11-1 4-6 0 5- 26-61 193 1320 
H-2 11-14-60 5-26-61 193 1380 
H-3 11-1 4-60 5-26-61 193 1 400 
J-1 11-1 4-6 0  5-26-61 193 1320 
J-2 1 1-1 4-6 0 5-26-61 193 1 440 
.J-3 1 1 - 1 4-60 5- 26-61 193 1 440 
C-3-1 6-13-61 7-21-61 38 675 
C-3-2 6-13-61 7-21-61 38 638 
E-2-1 6-13-61 7-21-61 3 8  638 
E-2-2 6-13-61 7-21-61 3 8  638 
J-2-1 6-13-61 7-21-61 3 8  375 
J-2-2 6-13-61 7-21-61 38 113 
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